Atlas  11A,  General  Dynamics'  new 
6,000-pound  class  launch  vehicle, 
has  just  opened  up  a new  option  for 
doing  business  in  space. 

This  commercial  derivative  of  the 
Atlas  II,  recently  selected  as  the  U.S. 
Air  Force’s  new  medium  launch 
vehicle,  is  now  available  in  a cost- 
effective  package  that  includes  com- 
plete launch  services.  Scheduling  is 
flexible  to  meet  your  needs,  and  we 


will  start  flying  as  early  as  1991. 

Reliable  Atlas  launch  vehicles 
have  been  putting  government  and 
commercial  satellites  into  orbit  for 
nearly  30  years.  Today,  with  our 
proven  Atlas  I and  new  Atlas  II A,  we 


are  prepared  to  deliver  your  5,000- 
and  6,000-pound  class  payloads  to 
geosynchronous  transfer  orbit  with 
high  reliability  and  a schedule  you 
can  count  on. 

Given  the  importance  of  your 
investment.  Atlas  IIA  is  the  right  way 
to  do  business  in  space. 

GENERAL  DYNAMICS 

Commercial  Launch  Services 


“Knowledge  Engine” 

Stimulant  to  industrial  genius,  way -point  to  the  galaxies, 
classroom  for  science,  but  most  of  all, 
a gift  of  vision  from  this  generation  to  its  children. 
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From  The 
Publisher 


At  this  year's  first  annual  FINAL  FRONTIER  bash  we  celebrated 
the  past  year's  success  with  the  traditional  poker  game  lasting 
into  the  wee  hours  of  the  morning.  Jokers  wild,  five  card  draw. 
On  the  first  hand  I was  dealt  five  aces.  A buddy  of  mine,  who 
was  as  floored  as  I was,  wondered  aloud  what  the  odds  were. 
By  now  I should  be  accustomed  to  calculating  astronomical 
odds,  but  I was  unable  to  give  him  an  answer.  I'm  sure  it  means 
something  good,  though. 

A while  back  I was  havi ng  a conversation  with  a space  entre- 
preneur who  also  had  dabbled  in  publishing  over  the  course 
of  his  adventurous  career.  He  ranked  launching  a magazine 
a close  second  to  launching  rockets,  risk-wise.  Some  people 
say  it’s  the  other  way  around.  But  that's  if  you  listen  to  the 
publishing  experts,  who’ll  tell  you  that  you  can't  make  it  without 
screaming  “Elvis  is  Alive!"  on  your  cover  every  month  (and 
don't  think  we  haven’t  considered  it). 

I’ve  decided  that  there  are  one  of  two  conditions  that  must 
be  met  in  order  to  start  up  a magazine.  Number  one  is 
having  knowledge,  skill  and  talent,  lots  of  it-a  pretty  good 
description  of  the  staff  here  at  FINAL  FRONTIER.  Number 
two -which  I admit  describes  me  better  - is  not  knowing  that 
you  are  supposed  to  fail.  If  people  really  understood  all  that’s 
involved  with  introducing  new,  untested  ideas  to  the  world, 
many  would  decide  to  open  up  a donut  shop  instead. 

On  a larger  scale,  I think  the  same  principle  applies  to  the 
much  more  important  risk  that  our  whole  society  will  face 
when  we  send  the  first  humans  to  Mars.  The  journey  will 
certainly  require  knowledge,  skill  and  talent  from  those 
brave  few  who  build  and  board  the  Mars-ships. 

As  for  the  rest  of  us,  it  will  require  that  we  make  an  invest- 
ment without  being  sure  of  the  payoff.  Frontiers  are  like  that. 
We  don’t  know  exactly  what's  waiting  for  us  on  the  other  side, 
but  we  go  anyway.  Failure  is  always  a real  possibility,  as  the 
history  of  exploration  reminds  us.  But  not  to  go  is  a kind  of 
risk  as  well. 

We  entered  our  first  year  of  FINAL  FRONTIER  with  all  sorts  of 
dreams.  It  was  a year  of  beating  the  odds.  A year  of  establish- 
ment. In  year  two,  we  intend  to  do  something  about  seeing  our 
dreams  come  true. 

What’s  so  special  about  our  one  year  anniversary?  Only  that 
we're  still  here,  with  an  even  stronger  commitment  to  our 
cause.  And  that  means  that  you  might  find  us  on  sale  - in 
about  20  years  - at  the  first  newsstand  on  Mars. 

Ever  upward, 

William  Rooney 
Publisher 
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Bigger  is  Better 

I must  comment  on  the  article  “At 
Home  on  the  Space  Station"  (August 
1988). 

The  article  refers  to  the  now- 
incinerated Skylab  as  having  “coffin- 
like” standards.  With  the  internal 
volume  of  a large  three-bedroom 
home,  Skylab  was  huge  and  had  a lot 
more  open  space  than  the  new  station 
depicted. 

If  the  Saturn  5 rocket  had  not  been 
abandoned  entirely  for  the  shuttle,  the 
new  space  station  modules  would  not 
have  to  be  restrained  to  trailer-sized 
dimensions;  [the  station]  could  incor- 
porate four  Skylab-class  modules,  with 
a usable  volume  more  than  twice  the 
present  design.  A Saturn-class  vehicle 
could  haul  all  other  components  in 
perhaps  three  flights. 

Before  America  spends  its  money 
foolishly  on  an  entirely  shuttle- 
dependent  design  for  a space  station, 
perhaps  it  should  focus  on  rebuilding 
its  lost  capabilities  and  open  up  Earth 
orbit  with  much  more  Buck  Rogers  for 
the  buck. 

L.  H.  Hash  man 
Chatsworth,  California 

Last  Word 

I was  surprised  and  disappointed  by 
Final  Frontier’s  failure  to  provide  me  the 
opportunity  to  make  a timely  response 
to  Mr.  George  Koopman’s  anserine  out- 
burst in  your  [December]  issue. 

Wm.  Ft.  Claybaugh  II 
Camarillo,  California 

Since  the  "Letters"  section  of  Final 
Frontier  is  an  open  forum,  we  don’t  edit 
letters  for  content,  nor  do  we  solicit 
opposing  views  to  those  selected  for 


publication . We  regret  any  embarrass- 
ment to  Mr  Claybaugh.— Ed. 

More  East,  Less  West 

I would  like  to  see  more  coverage  of 
Soviet  space  activities  in  your  maga- 
zine. All  too  often,  the  American  press 
minimizes  Soviet  achievements, 
exaggerates  their  setbacks  or  just 
ignores  them  altogether. 

Perhaps  Americans  simply  don’t  like 
to  see  adversaries  succeed  in  areas 
which  Americans  are  having  problems. 
True,  the  Soviets  don't  provide  nearly 
enough  information  to  compare  with 
what  NASA  offers;  however,  if  the  west- 
ern press  showed  more  interest  in 
providing  complete,  balanced  and  fair 
coverage,  then  perhaps  they  would  be 
more  open. 

I will  defer  requesting  a subscription 
until  I see  better  coverage  of  non- 
American  space  activities. 

Hans  Boldt 
Don  Mills,  Ontario 

Oops — Sort  Of 

Your  information  regarding  the 
Apollo  16  P&F  satellite  (Database, 
December  1988)  is  incorrect.  It 
remained  in  orbit  until  the  end  of  1972 
[according  to]  The  History  of  Manned 
Spaceflight  by  David  Baker. 

Jeffrey  S.  Buch 
Costa  Mesa,  California 

Actually,  we're  both  wrong.  The  Apollo 
16  subsatellite  remained  in  lunar  orbit 
until  May  29, 1972.  The  source  we  used 
listed  the  right  month  and  day,  but  the 
year  was  incorrect. 
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The  Observatory 


Dear  Mr.  Bush 


r.  President,  you  have  told  us 
that  you  are  “fully  committed 
to  America’s  space  program.”  That 
commitment  needs  to  manifest  itself 
soon,  and  in  many  ways.  The  most 
basic  is  leadership.  You,  Mr  President, 
must  be  visible  and  vocal  about  goals 
and  budget;  anything  less  will  result  in 
severe  erosion  of  your  proposals. 

Second  in  importance  after  White 
House  leadership  is  the  necessity  for 
strong,  qualified  personnel.  By  this 
time  your  NASA  administrator  should 
have  been  named.  The  administrator's 
active  presence  and  participation 
within  your  councils — and  control  over 
NASA's  budget  early  this  year— is  vital. 
Historically,  the  late  (summer!)  confir- 
mations of  past  NASA  heads  have 
caused  the  agency’s  budget  and  pro- 
grams to  be  ravaged  and  crippled. 

NASA  is  a special  agency  within  the 
collection  of  federal  institutions.  Its 
mission  is  unique,  and  the  skills  of  its 
personnel  are  not  common  and  are 
becoming  less  available.  NASA  is 
required  to  perform  at  a level — and 
with  a visibility — that  necessitates 
special  consideration  of  its  institution, 
organization  and  personnel.  There  are 
those  who  will  strongly  disagree  with 
this;  they  want  to  muzzle  the  agency 
from  stating  its  justifiable  needs.  Such 
voices  will  ruin  the  future. 

I heartily  agree  with  your  reconstitu- 
tion of  the  National  Aeronautics  and 
Space  Council  within  the  White  House. 
The  council’s  role  today  needs  to  be  as 
the  integrator  of  overlapping  civil  and 
defense  space  program  interests.  And 
with  the  Vice-President’s  leadership,  it 
needs  to  recommend  future  directions. 

But  the  council  will  not  work  signifi- 
cantly better  than  what  we  already 
have,  unless  the  NASA  administrator 
has  a standing  more  in  line  with  that  of 
the  cabinet-level  members  who  will 
share  seats  on  the  council. 

In  addition,  the  Vice-President  can- 
not be  the  day-to-day  manager  of  civil 
space  activities.  It  seems  therefore 
appropriate  for  the  NASA  Administrator 
to  be  your  advisor  on  all  civil  space 
matters  (NASA  does  not  have  all  civil 
space  activities  under  its  roof).  With 


Leadership  starts  at  the  top . 

T ▼ ▼ 

By  Charles  D.  Wa  lke  r 

this  elevated  responsibility,  the 
Administrator  would  manage  all  gov- 
ernment civil  space  interests,  just  as 
your  Director  of  Central  Intelligence 
does  for  the  intelligence  community 

Mr.  President,  during  the  campaign 
you  stated  that  you  “support  the  full 
participation  of  the  private  sector  in 
revitalizing  our  space  program.”  One 
very  significant  means  to  that  end  is  to 
give  industry  and  the  science  commu- 
nity seats  on  the  council,  as  was  the 
case  at  the  time  President  Nixon  dissol- 
ved it.  Industry  will  always  be  quicker  to 
invest  if  it  is  allowed  to  participate  in  the 
process. 

Civil  space  activities  take  years  to 
develop.  Our  space  projects  cannot  be 
put  on  hold  to  be  called  up  “when 
things  are  better”  They  must  have  con- 
sistent national  commitment  to 
efficiently  utilize  the  people  and  dollars 
invested  in  achieving  their  objectives. 
This  means  long-term  support:  greater 
than  a single  fiscal  year  or  the  two  years 
of  a Congress’  life!  In  achieving  this 
there  is  no  way  around  forging  biparti- 
san political  support  for  our  space 
goals  and  the  programs  to  reach  them. 

I agree  with  you  wholeheartedly,  Mr. 
President,  that  the  space  station  is  key 


The  Candidate  supported  space.  What 
will  the  President  do? 


to  all  our  future  space  endeavors. 
Space  station  Freedom  is  a project  that 
already  has  bipartisan  support.  There 
have  been  enough  studies,  hardware 
is  being  built  and  last  year  Congress 
authorized  its  budget  for  the  next  three 
years.  Now,  the  appropriations  must 
follow! 

Station  Freedom  is  vital  in  many 
ways,  especially  in  the  area  of  interna- 
tional cooperation.  Europe,  Japan, 
Canada  and  the  United  States  will  not 
simply  be  traveling  in  space  together. 
We  will  be  working  there  for  our  com- 
bined scientific  self-interest,  in  healthy 
economic  competition.  We  will  be 
leading  the  free  world’s  advance  in  the 
utilization  of  the  space  frontier  by 
building  and  operating  Freedom, 

International  cooperation  in  large 
space  efforts  is  certainly  advanta- 
geous, but  there  is  a trap.  No  country 
that  gives  up  an  independent  capabil- 
ity (such  as  large  launch  booster 
access  to  space)  is  a leader.  That 
country  soon  will  end  up  paying  for  its 
access  to  space.  Do  not  start  us  down 
that  path. 

I believe  that  you  understand  the 
necessity  for  this  nation  to  be  eco- 
nomically competitive.  I want,  to 
emphasize  that  the  technological  base 
for  our  future  competitiveness  has 
been  severely  neglected.  We  just  can’t 
do  new  things  in  a cost-effective  man- 
ner, on  schedule,  without  a strong 
foundation  of  modern  technology.  And 
that  includes  producing  those  unique 
substances  in  orbital  laboratories  for 
world  markets  or  going  to  the  Moon  and 
Mars.  These  are  all  goals  worth 
pursuing. 

Humanity’s  next  challenge  is 
space— its  exploration  and  devel- 
opment for  human  benefit.  We  must  be 
a leader  in  that  or  we  are  lost.  You  can 
find  a way — we  can  find  a way.  The 
American  people  will  support  you. 

Charles  D.  Walker  was  America's  first 
" commercial  astronaut,"  flying  as  a 
McDonnell  Douglas  payload  specialist 
aboard  three  space  shuttle  missions. 
He  also  is  chairman  of  the  grassroots 
space  lobby,  Spacecause. 
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5 sure  steps  to  a fast  start 


computer  while  giving  you  lightning-quick  data  access 

By  getting  inside  this  powerful  computer,  you  A 
get  the  confidence-building,  real-world  experienced 
you  need  to  work  with,  troubleshoot,  and  service 
today’s  most  widely  used  computer  systems. 


ERVIC 

-JOBS. 


“Tb  Make  sure  you’ve  always  got 
someone  to  turn  to  for  help 


Throughout  your  NRI 

g^  g^  ^ training,  you’ve  got  the 

Ut  M full  support  of  your 

personal  NRI  instructor 

technical  staff.  Always 
f .. . , ready  to  answer  your 

questions  and  help  you  if 
4 Y you  should  hit  a snag, 

your  instructors  will 

HI k \ make  you  feel  as  if 

w W you're  in  a classroom  of 

one,  giving  you  as  much  time  and  personal  attention  as  you  need. 


a NRI  knows  you  learn  better  by 

doing.  So  NRI  training  works 
overtime  to  give  you  that 
invaluable  practical  experience. 
You  first  read  about  the  subject, 

studying  diagrams,  schematics,  and  photos  that  make  the  subject  even 
clearer.  Then  you  do.  You  build,  examine,  remove,  test,  repair,  replace. 
You  discover  for  yourself  the  feel  of  the  real  thing,  the  confidence  gained 
only  with  experience. 


wa  Step  into  a bright  new  future  in 
computer  service— start  by  sending  for 
your  FREE  catalog  today! 

Discover  for  yourself  how  easy  NRI  makes  it  to  sue- 
ceed  in  computer  service.  Send  today  for  NRl’s  big, 

1 (X)-page,  full-color  catalog  describing  every 

aspect  of  NRI's  one-of-a-kind  computer  training, 

as  well  as  training  in  robotics.  TV/video/audio 

servicing,  electronic  music  technology,  security 

electronics,  and  other  growing  highAech  ^ J 

If  the  coupon  is  missing,  write  to:  NRI 
School  of  Electronics,  McGraw-Hill  Continuing 
Education  Center,  4401  Connecticut  Avenue,  NW,  Washington,  DC  20008. 

IBM  is  a registered  trademark  of  International  Business  Machines  Corp. 


Wa  Get  inside 
a powerful  com- 
puter system 

If  you  really  want  to  get  ahead  H 
in  computer  service,  you  have 

to  f ^mhhhhHhIh 

computer  system.  That's  kM 

w hy  N RI  includes  the  , M 

powerful  new  Packard  || 

hands-on  training. 

As  you  build  this  ^ ^ ^ r,  »•  ».  * * * * ^PSSS 

compatible  micro  03 

from  the  keyboard  up.  Hi  HB 

performing  key  tests  ■m..—  - - 

and  demonstrations  at  each  stage  of  assembly,  you  actually  see  for 
yourself  how  every  section  of  your  computer  works. 

You  assemble  and  test  your  computer's  “intelligent”  keyboard, 
install  the  power  supply  and  SVa"  floppy  disk  drive,  then  interface  the 
high-resolution  monitor.  But  that’s  not  all. 

You  go  on  to  install  a powerful  20  megabyte  hard  disk 
drive— today’s  most-wanted  computer  peripheral— included  in  your 
training  to  dramatically  increase  the  data  storage  capacity  of  your 


mjthm  School  of  Cj*!*  P°r 

RilSi  Electronics  laOll  aPPro 

McGraw-Hill  Continuing  Education  Center  L__! 
4401  Connecticut  Avenue,  NW,  Washington,  DC  20008 

f/ CHECK  ONE  CATALOG  ONLY 

□ Computers  and  Microprocessors 

□ Robotics 

□ TV/Video/ Audio  Servicing 

□ Data  Communications 


□ Security  Electronics 

□ Electronic  Music  Technology 

□ Digital  Electronics  Servicing 

□ Computer  Programming 

□ Basic  Electronics 


Name 


Address 


Accredited  by  Ur*  National  Home  Study  Council 


138-039 


FREEDOM  OF  VOICE 

board  space  station  Freedom, 
an  astronaut  floats  up  to  a 
wall-mounted  speaker  and  pushes  a 
button.  A computer  asks,  "Welcome  to 
VAIS.  May  I take  your  order?” 

'Til  have  beef  enchiladas  and 
nachos.  No,  make  that  corned  beef  on 
rye,"  replies  the  astronaut. 

What  sounds  like  an  out-take  from 
2001  is  actually  the  handiwork  of  David 
Rodriguez,  a cooperative  education 
student  at  NASA’s  Johnson  Space  Cen- 
ter in  Houston.  Last  summer, 
Rodriguez  designed  the  "Voice 
Activated  Inventory  System"  (VAIS)  to 
keep  track  of  the  14.000  items  planned 
for  the  menu  aboard  NASA’s  interna- 
tional space  base  of  the  1990s. 

Because  Shuttle  missions  are  short, 
keeping  track  of  the  food  supply  isn’t  a 
problem;  but  the  space  station  will 
have  a 90-day  food  supply  plus  20  per- 
cent extra  for  menu  changes  or  snacks. 

Responding  to  27  word  commands, 
the  VAIS  will  tell  an  astronaut  where 
each  food  item  is,  and  will  track  each 
morsel  as  it's  eaten.  The  astronaut  will 
be  able  to  browse  through  the  entire 


file,  look  only  for  certain  types  of  food, 
or  view  his  or  her  own  personal  menu. 

An  important  feature  of  the  inventory 
system  is  its  flexibility,  which  allows  for 
mix-and-match  meals,  even  though 
the  choices  will  be  limited  to  the  28-day 
menu  each  astronaut  selects  prior  to 
flight.  "EATEN"  items  can't  be  chosen 
again  until  the  crew  module  has  been 
restocked  and  the  computer’s  FOOD 
file  is  restored. 

VAIS  will  be  able  to  distinguish 
between  actual  commands  and  back- 


ground conversation.  Rodriguez  has 
programmed  the  computer  to  recog- 
nized commands  from  two  male  and 
two  female  voices;  the  digitized  VAIS 
voice  belongs  to  Rodriguez.  Com- 
mand words,  such  as  "turn  on”  and 
"turn  off,”  eventually  will  replace  the 
push-to-talk  button  used  to  activate  the 
system. 

Tests  in  the  Freedom  mock-up  in 
Houston  show  VAIS  has  great  potential 
for  tracking  the  entire  space  station 
inventory.  Bar  coding  and  touch 
screens  are  also  under  consideration, 
but  VAIS  has  the  advantage  of  being 
hands-free.  — Linda  Kofler 

ONCE  AND  FUTURE 
ASTRONAUTS 

here’s  the  Davis  Planetarium 

Space  Station  in  Jackson, 
Mississippi. ..the  Starship  McCullough 
in  Woodlands,  Texas... and  the  School 
Space  Station  in  Austin,  Texas.  Space 
"habitats”  like  these  are  popping  up 
across  the  country,  with  one  thing  in 
common:  they’re  all  for  students. 

Though  they  lack  the  zero-g  condi- 
tions of  Earth  orbit,  the  ersatz  stations 
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are  used  to  educate  students  by 
simulating  realistic  mission  scenarios. 
"Our  station  is  entirely  self-  contained 
except  for  the  electricity”  says  Keith 
Crumpton,  educational  director  at  the 
Davis  Space  Station,  one  of  the  first  to 
be  built.  The  Davis  student 
"astronauts”  are  exposed  to  the  rigors 
of  spaceborne  living — right  down  to 
showering  with  just  three  quarts  of 
water  a day. 

The  two-story  fiberglass  “tank”  was 
put  together  with  the  help  of  advisers 
from  NASA's  nearby  Stennis  Space 
Center  It  measures  approximately  43  x 
12  feet  (virtually  the  same  size  as  the 
planned  modules  for  space  station 
Freedom)  and  includes  audio  and 
visual  hookups  to  a "Mission  Control 
Center”  in  the  planetarium. 

Other  student  stations  aren’t  quite  as 
elaborate.  The  Woodlands  space 
base,  designed  and  built  by  enterpris- 
ing youngsters,  is  located  on  a stage. 
The  20  x 8 foot  Austin  station  contains 
modules  that  accommodate  var- 
ious classroom  experiments,  A 
including  a permanent  aqua-  * 
culture  project. 

A prototype  station  lo-  j 
cated  in  Houston,  Texas  { 

has  a special  distinc- 
tion:  it  was  built  by  the 
Challenger  Center  for 
Space  Science  Education.  ; 

The  center,  created  in  1986  by 
the  families  of  the  Challenger  ^ 
astronauts,  hopes  to  complete  a net- 
work of  50  educational  space  stations 
around  the  country  in  the  next  few 
years.  These  “Mission  Sites"  will  be 
complete  with  environmental  and  com- 
munication controls  and  human 
physiography  experiments. 

The  rush  to  construct  scholastic 
space  stations  appears  to  be  a cross 
between  educating  children  for  a 
techno-future,  and  satisfying  the  stu- 
dents’ own  desire  to  contribute  to  that 
future.  The  results  have  been  over- 
whelming — at  the  Davis  Space  Station 
alone,  close  to  1,000  student  applica- 
tions have  already  been  received  for 
the  summer  program’s  64  slots. 

—Patricia  Barnes-Svarney 


AXAF  will  join 
NASA’s  stable  of 
space-based 
observatories  in 
1995. 


CALLING  ALL  “SATCATS”  i "they  were  smart  enough  to  carry  an 

; ELT  (Emergency  Location  Transmit- 
arly  in  his  flying  career,  I ter — one  type  of  device  that  sends  out 
LlH  Charles  Lindbergh  para-  i a cry  for  help  to  the  orbiting  satellites), 
chuted  from  his  crippled  airplane,  thus  j so  they  should  be  proud.” 
becoming  a member  of  the  Caterpillar  ; The  SATCATS  don’t  discriminate 
Club  for  “hitting  the  silk.”  Modern-day  j between  air  or  sea  rescues,  so  both 
military  aviators  who  leave  a stricken  ; sailors  and  airmen  qualify  for  member- 
aircraft  using  a Martin-Baker  ejection  j ship.  Finding  some  candidates  may  be 
seat  receive  an  exclusive  M-B  tie,  cour-  i a problem,  however;  the  identities  of 
tesy  of  the  manufacturer.  ; those  saved  by  certain  military  or  gov- 

Now  the  recently-formed  World  j ernmental  rescue  units  are  classified, 
L Society  of  SATCATS  also  is  ; even  under  the  Freedom  of  Information 
accepting  members.  But  mem-  j Act. 
bership  is  rather  selective,  i Eustis  simply  says  that  if  you’re  eligi- 
▼ and  space,  not  aviation,  is  j ble,  "Please  don’t  be  shy.” 

Wm  the  tie-in.  To  “join,"  you  • — Brian  Nicklas 


■ " cued  from  a mishap  j THE  CAN  WITH  THE 

jr  through  the  efforts  of  the  ; X-RAY  EYES 
COSPAS/SARSAT  satellite  j 

|Mr  search  and  rescue  system.  ince  Earth’s  atmosphere  fil- 

y Since  1982,  COSPAS/SARSAT  ters  out  much  of  the  natural 

receivers  mounted  on  American  ; electromagnetic  radiation  emitted  by 
weather  satellites  and  Soviet  “Kosmos"  j stars,  ground-based  astronomers  have 
spacecraft  have  helped  to  locate  more  ia  relatively  narrow  window  on  the 
than  a thousand  pilots  and  sailors  who  j universe.  The  only  sure  way  around  the 
might  otherwise  have  been  lost.  When  ; problem  is  to  get  above  it  all  by  placing 
one  of  the  polar-orbiting  satellites  j astronomical  observatories  in  orbit, 
picks  up  a distress  call,  it  relays  the  i One  of  NASA’s  most  exciting  space- 
signal  to  the  nearest  ground  station,  ; based  observatories  in  the  1990’s  will 
which  then  dispatches  a rescue  team,  j study  the  heavens  in  the  x-ray  portion 
Dr.  E.  Jeff  Eustis,  a Memphis,  Tennes-  j of  the  spectrum.  Officially,  its  name  is 
see  surgeon  who  was  rescued  by  a i the  "Advanced  X-Ray  Astrophysics 
Danish  helicopter  after  landing  his  i Facility,"  but  most  everyone  calls  it  by 
light  plane  on  the  Greenland  IceCap,  is  j its  acronymic  nickname,  "AXAF" 
the  temporary  SATCAT  chairperson.  He  : Due  to  be  launched  by  the  space 

supposes  that  some  people  may  be  j shuttle  or  a Titan  4 expendable  booster 
reluctant  to  join,  as  “they  may  be  ; in  1995,  AXAF  will  be  a large  cylindrical 
ashamed  about  admitting  that  they  lost  : satellite  weighing  around  11  tons, 
their  craft.”  But  he  also  points  out  that  i Unlike  the  Hubble  Space  Telescope, 


Notes  Fhom 

Earth 


First  love:  Mars  Observer^  camera  is  Michael  Mating  pet  project. 


Mexico  conference,  "The  New 
Wilderness— Values  in  America's 
Space  Program." 

"One  scientist  told  me,  ‘It's 
human  nature  to  explore  and 
exploit.  The  entire  world 
feels  that  way.’  That’s  an 
Anglo-European  perspec- 
tive. The  metaphor  of 
space  as  a frontier  dis- 
guises the  reality  that 
space  exploration  is  essen- 
tially a materialistic, 
exploitative  enterprise." 

While  industrialized  nations 
labor  to  put  humans  into  space, 
Young  says,  people  such  as  the  Navajo 
and  Pawnee  regard  objects  in  the  sky 
as  living  beings,  and  think  of  humans, 
Earth  and  cosmos  as  already  intercon- 
nected. Understanding  the  kinship  is 
an  internal  journey,  exploring  one's  self 
in  relationship  to  the  universe. 

Young  stresses  that  she  is  not 
advocating  anti-intellectualism,  but 
would  like  to  see  a “cultural  pluralism” 
integrated  into  NASA’s  thinking,  offer- 
ing alternative  philosophies  a say  in 
our  reach  to  the  stars. 

"Even  the  Native  Americans  wouldn’t 
say  let's  not  have  any  space  program  at 
all,"  she  says.  “I'm  just  concerned 
about  respect  for  all  worlds." 

— Maura  J.  Mackowski 


FIRST  THINGS  FIRST 


which  will  use  a traditional  mirror  to 
create  images,  AXAF  will  have  six 
pairs  of  “grazing  incidence"  mir- 
rors— cylinders  with  a 

reflective  surface  on  their 
inside  walls.  Viewed  from  the 
front,  the  mirrors  will  look 
like  tin  cans  nestled  one 
inside  the  other.  This 
unusual  configuration  is 
necessary  because  the 
high-energy  x-rays  must 
strike  the  reflectors  at  very 
shallow— “grazing” — angles; 
otherwise,  they  would  simply  be 
absorbed. 

AXAF’s  X-ray  images  of  the  hot  gases 
hurled  into  space  by  exploding  stars 
may  provide  clues  to  the  stars'  chem- 
ical makeup.  AXAF  could  even  play  a 
part  in  discovering  the  age  of  the 
universe  by  allowing  scientists  to  arrive 
at  a more  precise  value  for  the  so- 
called  “Hubble  constant,”  which 
relates  distance  to  the  rate  at  which  the 
universe  is  expanding. 

AXAF  will  be  able  to  see  twice  as 
much  of  the  x-ray  spectrum  as  its  pred- 
ecessor, the  “Einstein"  observatory 
launched  by  NASA  in  1978.  It  also  will 
be  100  times  more  sensitive,  and  will 
have  100  times  better  resolution. 

Just  as  important,  the  new  observa- 
tory will  have  an  indefinite  life  span. 
Because  it's  designed  to  be  refur- 
bished and  upgraded  in  orbit  by 
shuttle  astronauts,  AXAF’s  x-ray  eyes- 
should  give  us  a more  complete 
picture  of  the  universe  well  into  the  21st 
century.  — Robert  G.  Nichols 


THE  LAST  FRONTIER? 


Gold  rushes,  cattle  drives,  rail- 
ways and  wagon  trains — the 
settlement  of  America's  frontier  is  a 
sweeping  story  of  the  pell-mell  build- 
ing of  a nation.  It's  a sad  litany  too,  with 
scarred  lands,  decimated  animal 
populations,  displaced  peoples  and 
dirtied  air,  water  and  soil.  Is  this  is  the 
fate  well  bring  to  the  worlds  beyond 
Earth? 

M Jane  Young  is  afraid  so.  A profes- 
sor of  American  Studies  at  the 
University  of  New  Mexico,  she  exam- 
ines the  “great  white  explorer's" 
achievements  from  the  perspective  of 
the  Native  American.  Now  she’s  riling 
the  space  program’s  Manifest  Destiny 
adherents  by  calling  for  a more  ecolog- 
ically sensitive  and  less  “explore-and- 
conquer"  oriented  viewpoint  in  NASA’s 
long-term  planning.  Young  presented 
her  ideas  at  a recent  University  of  New 


Who  wouldn't  know  what  to  do 
with  almost  a quarter  of  a mil- 
lion bucks? 

Arizona  researcher  Michael  Malin 
says  it’s  a nice  windfall,  but  his 
$240,000  MacArthur  Foundation  grant 
won  t help  with  the  preeminent  project 
on  his  calendar  right  now:  construction 
of  a camera  for  the  next  U.S.  Mars  mis- 
sion. So  the  38-year-old  geology 
professor  at  Arizona  State  University 
simply  puts  the  award  out  of  his  mind. 

“It's  my  view  I received  the  money  to 
be  creative,”  he  says.  "I  can't  be  'crea- 
tive' until  I complete  this  project.  I 
haven't  even  had  the  time  to  think  about 
how  I’ll  use  it." 

The  MacArthur  Foundation  attaches 
no  strings  to  its  grants,  and  ties  them  to 
no  specific  project.  Malin  receives  the 
money  (about  $50,000  per  year),  pays 
the  taxes  and  bankrolls  the  balance 
rather  than  paying  the  bills  now. 
According  to  the  scientist,  his  first 
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chance  to  use  it  for  “brainstorming”  will 
have  to  wait  until  he  completes  work  on 
the  sophisticated  camera  slated  to  be 
carried  by  NASA's  Mars  Observer 
spacecraft,  which  will  conduct  a 
geochemical  survey  of  the  planet 


braking  technique,  which  uses  the  drag 
of  atmospheric  air  particles  to  slow  a 
speeding  spacecraft. 

Aerobraking  has  a singular  advan- 
tage: it  reduces  the  need  to  carry 
retrorockets.  NASA  plans  an  aerobrak- 


*V®MrS 


beginning  in  1992.  Until  then,  Malin 
says,  his  research  “has  precedence 
over  everything  else  in  my  life." 

The  $13  million  Mars  Observer  cam- 
era is  being  developed  in  a Pasadena, 
California  warehouse  by  Malin  and  Cal 
Tech’s  G.  Edward  Danielson.  It  will  be 
powerful  enough  to  obtain  a clear 


ing  flight  experiment  on  a future  shuttle 
mission,  using  a small  test  article  that 
will  simulate  the  return  of  an  orbital 
transfer  vehicle  from  high  Earth  orbit  to 
the  lower  altitudes  frequented  by  the 
shuttle. 

Among  the  questions  to  be 
answered  by  the  shuttle  test  is  what 


The  shuttled  Aeroassist  Flight  Experiment  may  pave  the  way  for  bigger  and  better 
aerobrakes. 


image  of  car-sized  objects  on  the  Mar- 
tian surface.  NASA  doesn’t  expect  to 
find  any  Volkswagens,  but  it  does  hope 
to  snap  some  shots  of  the  old  Viking 
landers,  stranded  there  since  1976. 

Malin  is  also  active  in  studies  of  wea- 
ther in  Antarctica.  That’s  just  one  area 
where  he  says  the  MacArthur  Founda- 
tion grant  may  come  in  handy — once 
the  Mars  mission  is  finished  and  he's 
able  to  search  for  other  interesting 
projects  buried  in  the  back  of  his  mind 
— Gary  Taylor 

PUTTING  ON  THE 
AEROBRAKES 

a bone-jarring  trip  through  the 
atmosphere  of  Jupiter — 

that's  what  moviegoers  saw  of  aero- 
braking in  the  film  version  of  Arthur 
Clarke’s  2010:  Odyssey  Two.  While 
human  expeditions  to  Jupiter  are  still 
far  in  the  future,  NASA  engineers  are 
already  working  to  develop  the  aero  - 


type  of  heat  shielding  will  be  suitable 
for  aerobrakes.  Several  concepts  in  the 
early  1980s  favored  inflatable  mate- 
rials, desirable  because  they  are 
lightweight.  But  wind  tunnel  tests  have 
shown  that  no  known  inflatable  mate- 
rials could  withstand  the  stress  of  an 
atmospheric  entry  or  reentry. 

NASA  also  is  working  on  ideas  for 
more  massive  aerobrakes  that  could 
be  used  to  slow  down  spacecraft 
traveling  to  or  from  other  planets;  for 
human  Mars  missions,  they  may  meas- 
ure up  to  100  feet  across.  But  first 
scientists  need  to  learn  more  about  the 
mostly  carbon-dioxide  atmosphere  of 
Mars,  and  about  the  upper  reaches  of 
Earth’s  atmosphere  where  an  aero- 
braked  vehicle  would  make  first 
contact  if  the  method  is  used  for  a 
return  to  Earth.  Studies  of  aerobraking 
at  Mars  must  also  address  what  G- 
forces  a crew  could  endure  after  living 
in  low  gravity  for  many  months. 

— Linda  Billings 


Chicago.  First  Intergalactic  Expo,  a 
multi-media  weekend  of  science 
fiction,  fantasy  and  science  fact. 
Space-  related  events  include  talks 
by  NASA  speakers  on  the  space 
shuttle,  benefits  of  space  technol- 
ogy and  space  structures,  and  a 
screening  of  the  IMAX  film  "The 
Dream  is  Alive."  Information: 
(303)  293-2228. 

MAY  10-13 

Princeton,  New  Jersey.  Ninth 
SSI/Princeton  Conference  on  Space 
Manufacturing  will  feature  dozens 
of  papers  concerning  future  space 
development.  Information: 

(609)  921-0377. 


Global  Currents 

Inside  Star  City 


Star  City  isn’t  the  sort  of  place 
that  your  average  tourist  in  the 
Soviet  Union  gets  to  see.  "Zvezdniy 
Gorodok”  is  not  only  home  to  some 
3,000  people  involved  in  the  Soviet 
space  program—  it's  also  the  cos- 
monauts’ main  space  training  facility. 
Still,  in  the  era  of  glasnost  the  Soviets 
are  becoming  more  agreeable  to  let- 
ting foreigners,  including  journalist- 
authors  like  my  husband  and  me,  into 
places  that  used  to  be  off-limits. 

The  town  is  about  an  hour  outside  of 
Moscow,  and  the  only  way  to  get  there 
is  by  car.  In  this  case,  "car”  meant  a 
beat-up  taxi  weaving  in  and  out  of 
heavy  trucks  at  60  to  75  mph  on  city 
streets,  then  a pastoral  drive  past 
woods,  farms  and  small  wooden 
houses  called  dachas.  The  entrance  to 
Star  City  was  easy  to  spot:  In  the  midst 
of  all  this  open  country  stood  a monu- 
ment of  a Russian  MiG  and  the  name  of 
the  place  in  big  silver  letters. 

Star  City  looks  much  like  a typical 
American  college,  except  that  there 
are  apartment  buildings  (and  one  hotel 
named  "Orbit”)  instead  of  lecture  halls. 
The  place  is  pristine.  Unlike  the  streets 
of  Moscow,  there  were  no  long  lines  of 
people  waiting  to  purchase  food— in 
fact,  no  lines  of  any  sort. 

The  entrance  hall  of  the  training  cen- 
ter has  a large  bulletin  board  with 
photos  of  the  current  crew  aboard  the 
Mir  space  station.  It  also  shows  a run- 
ning tally  of  the  number  of  days  they’ve 
been  in  orbit  (238  on  the  day  we 
visited). 

Boris  Volynov,  one  of  the  original  cos- 
monauts who  trained  with  Yuri  Gagarin, 
arrived  to  show  us  around;  like  all  the 
cosmonauts  we  saw  that  day,  he  wore 
his  military  uniform.  Our  first  stop  was 
the  full-scale  Mir  trainer  (with  attached 
Kvant  astrophysics  module)  in  which 
cosmonauts  run  through  their  mission 
activities.  A mockup  of  Mir’s  forthcom- 
ing addition— an  Earth  resources 
module,  scheduled  to  be  launched 
sometime  this  year — sat  in  the  back  of 
the  training  room. 

We  weren't  allowed  inside  the  trainer. 
In  fact,  we  viewed  it  from  a sort  of 
observation  deck  one  flight  above.  But 


The  Soviet  college  of  cosmonaut 
knowledge 
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the  Soviets  gladly  let  us  take  photos — 
so  many  that  they  joked  we  had  to  be 
American  spies. 

The  tour  also  included  a close-up 
look  at  Soviet  space  equipment.  In  one 
room,  two  showcases  displayed  typ- 
ical space  food  and  tools,  including  a 
flare  gun  that  Volynov  said  a cos- 
monaut could  also  use  to  shoot  pigs  in 
the  forest  to  survive  in  an  emergency! 
On  display  in  another  room  was  a pres- 
sure suit  and  a spacesuit  for  extra- 
vehicular activity  (EVA).  The  manne- 
quin wearing  the  pressure  suit  was 
seated  in  a Soyuz  contour  couch.  He 
looked  pretty  cramped;  the  couch 


forces  the  knees  against  the  chest, 
where  they’re  held  by  restraints. 

The  Soviet  EVA  suit  differs  from  the 
American  version  in  that  cosmonauts 
enter  it  through  a "door”  in  the  back. 
Volynov  compared  it  to  climbing  into  a 
refrigerator,  and  in  fact,  it  did  some- 
what resemble  a freezer  door. 

On  the  walk  over  to  the  neutral  buoy- 
ancy tank  where  cosmonauts  rehearse 
space  tasks  underwater,  we  noticed  a 
building  under  construction.  We  found 
out  once  we  returned  home  that  it’s  to 
be  the  Soviets’  space  shuttle  training 
facility. 

No  one  was  using  the  water  tank  that 
day,  so  it  was  dark.  Instead,  we 
watched  a videotape  of  cosmonauts  in 
action  at  the  facility,  practicing  to 
attach  solar  panels  to  Mir  manually. 
Volynov  laughed  at  a suggestion  that 
they  market  the  video  in  the  United 
States.  (But  he  was  interested  in  The 
Right  Stuff — the  Mercury  astronauts 
were  his  contemporaries.  When  we 
returned  home  we  sent  him  a copy,  evi- 
dently the  first  one  to  reach  the  USSR.) 

The  final  leg  of  the  tour  was  a walk 
across  the  complex  for  a look  at  a 
statue  of  Gagarin  and  the  Star  City 
museum.  The  main  sidewalk  is  called 
the  “Road  of  Heroes.”  Cosmonauts 
returning  from  orbit  walk  this  road  in  an 
informal  ceremony,  during  which  the 
entire  population  of  the  town  turns  out 
to  place  flowers  at  Gagarin's  statue. 
Actually,  fresh  flowers  are  put  on  the 
statue’s  base  every  day.  Gagarin  is 
revered  almost  religiously. 

At  the  other  end  of  the  complex,  Star 
City’s  museum  has  Smithsonian- 
quality  exhibits,  but  it’s  not  open  to  the 
general  public.  Among  the  displays  are 
Gagarin’s  desk,  Alexei  Leonov’s 
spacesuit  from  his  first-ever  spacewalk 
in  1965,  and  a used  Soyuz  spacecraft 
(the  only  one  we  saw  on  exhibit  in  the 
USSR).  There's  even  a bit  of  Americana; 
Scott  Carpenter’s  watch,  an  impromptu 
donation  from  the  Mercury  astronaut 
when  he  visited  the  museum. 

One  final  note  for  the  prospective 
tourist:  Star  City’s  cafeteria  has  the 
best  ice  cream  in  or  around  Moscow. 
And  the  pastries  aren’t  half  bad,  either. 
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chance  to  use  it  for  “brainstorming"  will 
have  to  wait  until  he  completes  work  on 
the  sophisticated  camera  slated  to  be 
carried  by  NASA's  Mars  Observer 
spacecraft,  which  will  conduct  a 
geochemical  survey  of  the  planet 


braking  technique,  which  uses  the  drag 
of  atmospheric  air  particles  to  slow  a 
speeding  spacecraft. 

Aerobraking  has  a singular  advan- 
tage: it  reduces  the  need  to  carry 
retrorockets.  NASA  plans  an  aerobrak- 
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beginning  in  1992.  Until  then,  Malin 
says,  his  research  “has  precedence 
over  everything  else  in  my  life.” 

The  $13  million  Mars  Observer  cam- 
era is  being  developed  in  a Pasadena, 
California  warehouse  by  Malin  and  Cal 
Tech's  G.  Edward  Danielson.  It  will  be 
powerful  enough  to  obtain  a clear 


ing  flight  experiment  on  a future  shuttle 
mission,  using  a small  test  article  that 
will  simulate  the  return  of  an  orbital 
transfer  vehicle  from  high  Earth  orbit  to 
the  lower  altitudes  frequented  by  the 
shuttle. 

Among  the  questions  to  be 
answered  by  the  shuttle  test  is  what 
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image  of  car-sized  objects  on  the  Mar- 
tian surface.  NASA  doesn’t  expect  to 
find  any  Volkswagens,  but  it  does  hope 
to  snap  some  shots  of  the  old  Viking 
landers,  stranded  there  since  1976. 

Malin  is  also  active  in  studies  of  wea- 
ther in  Antarctica.  That’s  just  one  area 
where  he  says  the  MacArthur  Founda- 
tion grant  may  come  in  handy — once 
the  Mars  mission  is  finished  and  he’s 
able  to  search  for  other  interesting 
projects  buried  in  the  back  of  his  mind 
— Gary  Taylor 
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type  of  heat  shielding  will  be  suitable 
for  aerobrakes.  Several  concepts  in  the 
early  1980s  favored  inflatable  mate- 
rials, desirable  because  they  are 
lightweight.  But  wind  tunnel  tests  have 
shown  that  no  known  inflatable  mate- 
rials could  withstand  the  stress  of  an 
atmospheric  entry  or  reentry. 

NASA  also  is  working  on  ideas  for 
more  massive  aerobrakes  that  could 
be  used  to  slow  down  spacecraft 
traveling  to  or  from  other  planets;  for 
human  Mars  missions,  they  may  meas- 
ure up  to  100  feet  across.  But  first 
scientists  need  to  learn  more  about  the 
mostly  carbon-dioxide  atmosphere  of 
Mars,  and  about  the  upper  reaches  of 
Earth's  atmosphere  where  an  aero- 
braked  vehicle  would  make  first 
contact  if  the  method  is  used  for  a 
return  to  Earth.  Studies  of  aerobraking 
at  Mars  must  also  address  what  G- 
forces  a crew  could  endure  after  living 
in  low  gravity  for  many  months. 

— Linda  Billings 
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The  Milestones  of  Space  Exploration 

$50  Silver  Proof  Coins 


It  seems  like  only  yesterday. 
Vet  twenty  eventful  years  have 
passed  since  America  realized 
a dream^.the  landing  of  the 
first  man  on  the  moon, 

That  historic  moment  was  a milestone 
in  the  story  of  man's  quest  of  the  cos- 
mos — a story  that  will  now  be  captured, 
during  the  anniversary'  year  of  the  moon 
landing,  in  a historic  collection  of  pure 
silver  commemorative  coins  officially  au- 
thorised by  the  Republic  of  the  Marshall 
Islands, 

An  unprecedented  collectors'  opportunity,  these  coins  will  depict  twenty- 
four  exciting  moments  in  space  exploration,  Each  Proof  coin,  sculpted  in 
frosted  bas-relief  on  a flawlessly  polished  background,  will  contain  one  troy 
ounce  of  .999  pure  silver  and  be  virtually  the  same  size  as  a silver  dollar,  but 
even  thicker  — the  distinctive  “crown-size"  that  has  been  an  international  nu- 
mismatic standard  for  over  200  years. 

Th is  significant  collection  is  strictly  limited  to  25,000  complete  Proof  sets 
worldwide.  And  the  complete  collection  of  lustrous  silver  Proof  coins  can  be 
yours,  at  the  face  value  of  $50  per  coin,  until  the  limit  is  reached.  To  assure  fair 
distribution,  there  is  an  individual  limit  of  one  set  per  order. 

Your  first  coin  will  be  shipped  within  6-8  weeks  of  receiving  your  order, 
Thereafter,  you  will  receive  the  23  remaining  coins  at  the  convenient  rate  of 
one  per  month.  After  your  third  coin  is  shipped,  you  will  receive  — free  of 
additional  charge  — a deluxe  wooden  Presentation  Case  and  a Literature 
Album  to  house  interesting  historical  narratives  about  each  coin. 

Once  your  collection  is  complete,  you’ll  receive  a Certificate  of  Authenticity 
attesting  to  the  silver  content  and  the  collection  s limited  edition  Proof  status. 
Deadline  for  Advance  Registration;  March  15,  1989 
To  order  your  subscription,  phone  TOLL-FRKE  1-800-443-3232.  Or  com- 
plete and  mail  the  coupon  below  to  Republic  of  the  Marshall  Islands  Coin  Ful- 
fillment Center,  One  Unicover  Center,  Cheyenne,  Wyoming  82008-1989. 
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$50  Silver  Proof  Coins 

REPUBLIC  OF  THE  MARSHALL  ISLANDS 
COIN  FULFILLMENT  CENTER 

One  Unicover  Center,  Cheyenne,  Wyoming  82008-1989 

Please  accept  my  subscription  to  this  solid  silver  tribute 
to  man's  achievements  in  space  — an  exquisite  set  of  24 
commemorative  Proof  coins  authorized  by  the  Republic 
of  the  Marshall  Islands,  The  price  of  each  coin  is  $50,  the 
face  value. 

My  first  coin  wall  he  shipped  within  6-8  weeks  after 
receipt  of  my  order.  A modest  fee  to  cover  shipping, 
handling,  and  insurance  will  be  added  to  each 
| shipment. 

I J Enclosed  is  payment  for  my  first  coin  — a $50  check 
or  money  order  made  payable  to  Coin  Fulfillment  Cen- 
ter, 1 will  be  hilled  as  each  subsequent  coin  is  shipped. 

O Please  charge  each  shipment  as  it  is  made  to  my 
□ MasterCard  □ VISA 

□ Diners  Club  □ American  Express 

Card  No, 

Expires __ 

Signature  _ 

4 All  cwofcfts  Subject  to  acceftance  > 

Mr./Mrs,/Miss/Ms 

Address 

City 

State  Zip 

ORDER  TOLL-FREE  BY  PHONE  WITH  YOUR 
MAJOR  CREDIT  CARD  — 1-800-443-3232. 

When  calling,  please  mention  this  code:  47AL-L201 
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new  age  of  space  exploration  be  borne  out? 
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happen  in  every  issue  of  FINAL  FRONTIER. 


’Vfesterdays  science  fiction,  it  could 
be  said,  is  today’s  space  program. 
Improbable  ideas  and  fantasies 
are  the  stuff  of  the  events  hap- 
pening now;  In  FINAL  FRONTIER, 
we  give  full  voice  to  the  people 
designing  the  landscape  of  die 
future. 
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The  Private  Vector 


Caveat  Entrepreneur 

ou  and  your  whiz  kid  buddies 
have  just  invented  the  revolu- 
tionary "Spacewidget,"  and  it’s  going 
to  make  you  millionaires.  You’ll  borrow 
ten  grand  from  Uncle  Mel,  line  up  some 
customers,  then  wait  for  the  cash  to 
pour  in. 

That’s  often  the  thinking  of  young 
space  entrepreneurs,  says  C.  Dennis 
Ahearn,  a space  law  expert  in  Washing- 
ton, D.C.  “The  biggest  failing  of  new 
companies  is  that  they  don’t  establish  a 
strong  business,"  he  says.  "They  make 
the  mistake  of  thinking  the  sheer 
strength  of  their  idea  will  carry  them 
through." 

Ahearn  says  a great  idea  alone  won’t 
get  you  financial  backing.  He  believes 
success  comes  by  developing  thor- 
ough, specific  business  plans,  and 
having  an  experienced  business 
leader  to  run  the  show  from  the  start. 

Beware  the  red  tape  if  you're  mar- 
keting a rocket  booster,  advises 
Ahearn.  NASA  and  the  armed  forces 
want  assurance  that  their  launch 
facilities  will  be  properly  insured  in 
case  of  an  accident  on  the  pad.  Before 
the  Department  of  Transportation 
issues  a launch  license,  the  State 
Department  must  know  if  your  rocket 
will  be  used  outside  the  United  States. 
And  the  Defense  Department  wants  to 
make  sure  you’re  not  launching  a 
nuclear  missile  or  virus  bomb. 

“We  have  to  prove  it’s  definitely  not  a 
front  for  a communist  regime,"  quips 
Ahearn.  — W.  Dan  Leonard 

LOFTS  Labour  Lost 

With  the  flight  of  its  Santa  Maria 
sounding  rocket  last  Novem- 
ber, E-Prime  Aerospace  Corporation 
of  Titusville,  Florida  claims  to  have 
launched  America’s  commercial  space 
booster  industry. 

The  rocket  was  just  ten  feet  tall,  and  it 
reached  an  altitude  only  15,000  above 
its  rented  concrete  stoop  on  Cape 
Canaveral.  But  “LOFT-I"  (for  E-Prime’s 
first  Launch  Operations  Flight  Test) 
itself  wasn’t  the  whole  story. 


Poseidon:  From  undersea  to  beyond  the 
atmosphere 

“This  thing  has  been  a pathfinder 
from  the  very  first  day  in  getting 
through  all  the  regulations  it  takes  to 
launch  from  a government  facility," 
explained  E-Prime  spokesman  Jim 
Mizell. 

Stuffed  into  a red  capsule  atop  the 
blue  and  white  rocket  were  four  student 
experiments  and  some  souvenirs  that 


included  envelopes  postmarked  for 
later  sale  as  “space  mail." 

Conspicuously  absent  was  Miss  Kit- 
tee,  the  rocket’s  only  scheduled 
"passenger."  A Rhode  Island  entrepre- 
neur, Daniel  Patrick  Jr.,  had  signed  a 
$1.5  million  contract  to  fly  his  plastic 
“intergalactic  citizen  doll"— or  the 
powder  to  make  her—  aboard  52  E- 
Prime  rockets  in  five  years.  Reportedly, 
Patrick  disagreed  with  the  company 
over  exclusivity  provisions  in  the 
contract. 

The  flight  offered  only  half  a minute  of 
microgravity,  and  the  rocket  carried  its 
payloads  for  free.  E-Prime  lost  more 
than  $250,000  on  the  mission. 

But  the  company’s  founder,  Bob 
Davis,  was  undaunted.  "Christopher 
Columbus  had  skeptics,"  Davis  de- 
clared. "They  make  you  more  deter- 
mined than  ever."  — Beth  Dickey 

Poseidon  Venture 

nn  the  Recycling  Department: 
The  Lockheed  Missiles  & 
Space  Company  says  it's  willing  to  ante 
up  $50  million  of  the  company’s  own 
money  to  convert  submarine-based 
Poseidon  missiles  into  useful,  ground- 
based  rockets— if  it  can  line  up  a 
couple  of  government  customers. 

The  U.S.  Navy,  which  bought  the 
Poseidons  originally  from  Lockheed, 
owns  all  the  hardware  the  company 
would  need  to  market  the  new  vehicle 
to  other  users.  Lawrence  Langston,  a 
business  development  manager  for 
Lockheed,  says  the  Navy  promises  to 
put  the  equipment  at  the  company's 
disposal,  so  long  as  another  govern- 
ment agency  needs  it. 

In  turn,  Lockheed  would  bear  the 
expense  of  building  a new  propulsion 
and  payload  third  stage,  integrating  it 
with  the  old  Poseidon  missile,  and  then 
adapting  the  new  vehicle  to  launch 
about  1,000  pounds  into  low  Earth  orbit. 
The  company  suggests  a per-launch 
price  tag  in  the  neighborhood  of  $8  mil- 
lion for  the  new  Poseidon,  including 
Lockheed's  integration  and  ground 
support  services. 

Langston  says  if  the  cost  proves 
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WHERE  NO  ONE 


HAS  GONE  BEFORE. 


Ailo*  with  24har*t  gold 
eldcliaplata  and  ifunklng  with 
crystal*,  the  Starship  Enterprise 
I*  shown  small  or  than  actual  six* 
of  approximately  10  In  length. 


The  first  pewter  re-creation  ever  author- 
ized by  Paramount  Pictures  of  the  most 
famous  Starship  of  all  time. 

The  Starship  Enterprise.  "'  Symbol  of  the  eternal 
quest  to  explore  new  worlds. 

Now,  the  Starship  that  carried  Kirk,  Spock 
and  llhura  to  the  far  reaches  of  the  Galaxy  can 
be  yours.  Announcing  the  first  fully  authorized 
pewter  re-creation  of  the  Starship  that  has 
inspired  millions. 

AUTHORIZED  BY  PARAMOUNT  PICTURES. 


Precisely  reproduced  with  assistance  from 
STAR  TREK1  creator  Gene  Roddenberry. 

Sculptured  and  handcrafted  in  fine  hand- 
finished  pewter.  The  main  sensor  and  navi- 
gational deflector  glow  with  24-karat  gold 
electroplate.  The  top  propulsion  units  blaze 
with  fiery  red  crystal  cabochons, 

Available  only  on  planet  Earth,  and  only  from 
The  Franklin  Mint, 

Priced  at  $195. 

AUTHENTICATED  BY  GENE  RODDENBERRY 


The  Franklin  Mint 

Franklin  Center,  Pennsylvania  19091 


Yes.  I want  to  lake  advantage  of  the  unprecedented  opportunity 
from  Paramount  Pictures  to  acquire  the  only  authorized  and  fully 
authenticated  pewter  replica  of  the  Starship  Enterprise.  * The 
reproduction  is  hand<asi  inflne  imported  pewter,  hand-chased 
and  hand-rubbed  to  a classic  patina,  accented  with  crystals  and 
24-karat  gold. 

I need  send  no  money  now,  I will  be  billed  for  my  deposit  of 
$39  * prior  to  shipment  and  then  in  4 equal  monthly  installments 
of  $39. 1 p each,  after  shipment. 


*Plvt  Itttf  In  oft  S3  Ih'Bpf  t mo 


ORDER  FORM 


CvW- W*»1*rn  $ 


Qfficialfy  U«n$«l 
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Please  mail  by  April  30. 19S9. 
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Paramount  PtdurR  Corpor  afaun 


City,  State.  Zip 


12135-1 


Each  rep’ica  of  [he  Starship  Enterprise  is  accompanied  by  a Certificate  of 
AuthenUiMy  with  Gene  Roddehtieny's  signature 


Write  with  the  pen  that  wrote  on  the  moon.  The  Fisher  Space  Pen  is 
the  only  pen  accepted  by  NASA  for  use  on  manned  space  flights.  The 
Space  Pen  will  write  upside  down,  under  water,  through  grease  and  on 
glossy  surfaces.  All  Space  Pens  are  guaranteed  for  life. 

Pictured:  The  Futura  Elite.  All  brass  construction.  Available  in  sculp- 
tured gold  plate,  burgundy  lacquer  or  sculptured  chrome; 
each  with  gold  plated  trim. 

The  Classic  Bullet.  Simple,  modern. 

Available  in  shiny  chrome  or  black  matte. 

call  1-800-333-0580  or  visit  your  local  dealer 


INVEST  IN 
AMERICANS 
FUTURE  IN 
SFACE- 

E-PRIME  AEROSRACE 


Call  Frank  Schmitt  or  Gregory  Sprigg 

1-800-525-4348 

FIRST  EAGLE,  INC. 

Colorado  Residents  call  (303)  694-0088 

This  announcement  is  neither  an  offer  to  sell  nor  a solicitation  of  an 
offer  to  buy  any  of  these  securities.  The  offer  is  made  only  by  the 
Prospectus,  copies  of  which  may  be  obtained  in  any  state  as  may 
lawfully  offer  these  securities  in  compliance  with  the  securities  laws  of 
such  states. 


attractive  to  government  customers, 
the  launcher  might  even  find  a market 
among  commercial  users:  “We  see  it  as 
a cheap  ride— think  of  it  as  a Grey- 
hound bus.”  — Melinda  Gipson 

Mir  Today,  Gone  Tomorrow 

nexas  entrepreneurs  aren’t  the 
only  visionaries  who’ve  shown 
an  interest  in  the  idea  of  space  fac- 
tories. Soviet  microgravity  work  has 
progressed  to  the  point  where  it  may 
require  a separate  facility  to  do  such 
experiments  away  from  the  orbiting  Mir 
space  station.  According  to  Soviet 
space  officials,  an  automated,  “man- 
tended,”  free-flying  vehicle  is  neces- 
sary to  develop  material  samples  of 
any  significant  size  away  from  the 
manned  station,  where  crew  move- 
ment causes  disturbances. 

Research  papers  published  in  the 
USSR  have  dealt  with  advances  in 
growing  both  protein  crystals  and 
semiconductor  crystals  in  orbit,  where 
the  absence  of  gravity  and  other  Earth- 
bound  properties  allows  scientists  to 
derive  larger,  purer  samples.  Those 
samples  may  be  used  in  the  future  as  a 
basis  for  space-based  manufacturing 
of  drugs  and  computer  chips. 

Westerners  who  have  discussed  with 
the  Soviets  the  availability  of  the  free- 
. flying  factory  to  commercial  compa- 
nies say  the  facility  is  expected  to  be  in 
use  by  1992.  Its  use  by  American  com- 
panies would  mark  an  ironic  turn  of 
events  for  the  U.S.  government,  which 
has  yet  to  decide  whether  it  will  help 
subsidize  such  a private  facility  built  in 
the  USA.  — Melinda  Gipson 

Armored  Tanks 

s the  amount  of  space  junk 
KaB  circling  overhead  increases, 
scientists  with  delicate  instruments  in 
orbit  become  more  and  more  worried. 
Now  a researcher  at  Martin  Marietta 
Corp.  has  designed  a protective  shield 
for  the  proposed  Gamma  Ray  Imaging 
Telescope,  which  would  use  an  empty 
space  shuttle  fuel  tank  as  the  housing 
for  an  orbiting  astronomical  instru- 
ment. 

Norman  Elfer  found  that  computer 
models  at  NASA’s  Marshall  Space 
Flight  Center  predicting  the  chance  of 
impact  on  an  object  as  large  as  the 
tank  were  in  error.  According  to  his 
analysis,  the  actual  risk  of  a major  strike 
was  four  times  higher  than  original  esti- 
mates— which  meant  the  possibility  of 
one  hit  every  nine  months  for  the  tank- 
telescope. 

So  Elfer  and  his  colleagues  invented 
a "bumper”  of  aluminum  shielding, 
interspersed  with  a thermal  insulation 
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America  returns  to  space 


with  Discovery's  payload,  TDRS 

Tracking  and  Data  Relay  Satellite 
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GOING 

FAST 

BACK  ISSUES  Of  FINAL  FRONTIER 
are  available  in  extremely  limited  quantities 


blanket  and  30  layers  of  aluminized 
plastic.  To  his  surprise,  studies  showed 
that  the  bumper  worked  in  combination 
with  the  tank's  orange  spray-on  thermal 
insulation  to  prevent  penetration  from 
debris  impacts.  The  design  won  a 
group  achievement  award  from  Mar- 
shall Space  Flight  Center,  the  first  for  an 
industrial  application  project.  Its  in- 
ventors think  that  Martin  Marietta's 
proprietary  bumper-and-insulation  sys- 
tem could  be  used  as  a space  debris 
shield  for  any  orbital  use  of  the  shuttled 
external  tank 

— Frank  Steizen,  Jr 
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To  order  your  copies,  send  $500  for  each  issue 
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Signed,  numbered  limited  edition  prints  and  fine  art  posters  of  the  work  of  Alan 
Bean  are  available  only  through  your  authorized  Greenwich  Workshop  dealer. 
Please  call  toll-free  or  write  for  more  information  and  the  name  of  your  dealer. 


THE  GREENWICH  WORKSHOP,  INC.  THE  GREENWICH  WORKSHOP  LTD- 
30  Linde  man  Drive  3781  Victoria  Park  Avenue,  Unit  6 
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Homegrown  Hummingbird 

While  most  space  activists  just 
talk  about  going  into  space, 
members  of  the  Pikes  Peak  chapter  of 
the  National  Space  Society  have 
started  their  own  rocket  company: 
Hummingbird  Launch  Systems  Inc. 
Using  a small,  sub-orbital  booster 
called  “Hummingbird,"  the  company 
hopes  to  demonstrate  technologies  for 
vertical  takeoff  and  landing  rocket 
vehicles,  and  make  a profit  at  the  same 
time  by  providing  zero-gravity  condi- 
tions for  research  payloads. 

If  Hummingbird  is  successfully 
developed,  the  reuseable  launcher 
should  be  able  to  reach  an  altitude  of 
100  mites  and  a maximum  velocity  of 
3.700  mph.  It  would  carry  "upwards  of 
120  pounds,"  says  the  firm's  vice- 
president,  David  Hannah,  who  is  no 
relation  to  the  David  Hannah  who 
founded  the  Houston -based  company 
Space  Services,  Inc.  Hannah  claims 
that  the  company  has  identified  19 
potential  payloads. 

In  theory,  the  booster  could  be 
steered  by  controlling  the  flow  of  fuel 
into  each  of  64  "aerospike”  rocket 
engines.  Selective  throttling  of  the 
engines  during  reentry  would  allow  the 
craft  to  hover  and  move  in  any  direc- 
tion, just  like  a real  hummingbird  — 
hence  its  name  The  first  engine  test  is 
scheduled  for  sometime  this  year. 

Development  and  construction  costs 
could  run  as  high  as  $1  million;  the  com- 
pany already  has  one  backer,  but  others 
will  be  needed  before  the  first  vehicle 
can  be  built. 

— Robert  G.  Nichols 

Goodbye  Houston,  Hello  DlC. 

ederal  policy  makers  looking 
for  a way  to  stimulate  com- 
mercial spending  in  space  have  been 
paying  attention  recently  to  the  work  of 
the  Space  Foundation,  a non-profit, 
nationwide  network  of  space  business 
"roundtables." 

Started  in  1979  by  Texas  busi- 


mmwmP 

is  a vital  part  of  a hopeful  future.  More  than 

any  single  program,  it  will  determine  what  our  children  will  inherit  tomorrow. 

The  National  Space  Society  wants  a vigorous,  comprehensive  space  program 
that  will  provide  benefits  for  all  humanity  while  stimulating  progress  in  all  aspects 
of  our  lives.  We  want  a space  program  that  belongs  to  everyone:  businessmen  and 
homemakers  as  well  as  engineers  and  astronauts. 

y Only  assured  access  to  space  technology  and  the  development  of  space  re- 

sources will  help  us  create  a new  Renaissance  that  will  help  us  overcome  major 
problems  on  a planet-wide  scale. 

Members  of  the  National  Space  Society  are  concerned  enough  about  the 
vitality  of  the  space  program  to  take  an  active  role  in  monitoring  and  influencing 
its  direction.  Join  us  and  through  our  non-profit,  educational  activities  you  can 
begin  to  make  the  hopeful  future  a reality. 


The  National  Space  Society  objectives  include: 

★ Providing  broad,  visible  public  support  for  a comprehensive  space  program. 

★ Creating  opportunities  for  the  public  to  become  involved  in  the  space  program. 

★ Encouraging  greater  involvement  by  private  enterprise  in  developing  the  space 
frontier. 

★ Seeking  the  maximum  government  support  for  research  to  advance  the 
technology  needed  to  live  in  space. 

★ Reinvigorating  the  economy  by  maintaining  competitive  leadership  in  space 
manufacturing. 

★ Stimulating  interest  in  math  and  science  by  creating  employment  in  space 
careers. 


You  can  help  right  now!  Join  us  today  by  sending  in  your  $30  membership  dues, 
$10  of  which  is  for  a subscription  to  Ad  Astra,  the  monthly  magazine  of  the 
National  Space  Society. 


NATIONAL  SPACE  SOCIETY  922  PENNSYLVANIA  AVE.  SE  • WASHINGTON.  DC 20003  • 202/543-1900 


nessmen,  the  Space  Foundation  has 
awarded  more  than  $50,000  in  educa- 
tional grants  to  students  studying 
business  or  engineering  in  space- 
related  fields.  The  group  also  is  known 
for  its  support  of  regional  space  busi- 
ness roundtables— luncheon  or 
breakfast  meetings  where  those  seek- 
ing to  stimulate  commercial  space 
projects  can  rub  elbows — in  Dallas, 
Houston,  New  York,  Los  Angeles, 
Orlando  and  Washington. 

Policy  makers  are  taking  notice 
because  the  foundation’s  board  has 
decided  to  locate  its  executive  director 
in  Washington,  D C.  The  move  shatters 
the  parochialism  of  the  organization’s 
Houston-area  founders,  and  enhances 
the  group's  ability  to  link  space  busi- 
ness hopefuls  with  both  potential 
investors  and  the  government. 

The  new  head  of  the  Space  Founda- 
tion is  former  Commerce  Department 
consultant  Jeffrey  Manber,  whose  early 
efforts  have  been  well  received  by 
NASA  and  congressional  officials.  To 
increase  the  group’s  audience,  Man- 
ber began  publishing  a monthly 
newsletter  in  January  to  "provide  a 
forum  for  views  and  opinions  of  the 
business  community  toward  space.” 

— Melinda  Gipson 


Robert  Schmidt  with  his  home 
crater-maker. 


i High  Impact 

nhe  craters  that  pockmark  the 
planets  and  moons  can  be 
used  by  scientific  sleuths  as  "finger- 
prints” to  reconstruct  the  history  of  the 
Solar  System.  But  access  to  these  cra- 
ters is  difficult  and  expensive  to 


arrange.  So  Robert  M.  Schmidt  of  Boe- 
ing Aerospace  has  devised  a novel  way 
to  analyze  them  remotely  from  his  Seat- 
tle laboratory. 

Schmidt,  an  aeronautics  engineer, 
uses  a powerful  industrial  centrifuge  to 
simulate  impact  craters  up  to  a mile  in 
diameter.  First  he  places  soil,  clay  and 
other  suitably  planet-like  materials  on 
the  centrifuge.  Then  he  fires  polyethy- 
lene projectiles  into  the  samples.  The 
result:  laboratory-scale  "craters”  that 
simulate  the  real  thing. 

Intense  gravity  fields— Schmidt's 
system  goesup  to  600g’s— arethe  key. 
By  artificially  boosting  the  gravity  field, 
Schmidt  increases  the  potential 
energy  conveyed  in  the  impact,  and 
with  it,  the  size  of  the  crater  that  he  can 
simulate.  Thus,  a 40-centimeter  crater 
formed  under  600  g’s  corresponds  to  a 
240-meter  crater  under  normal  Earth 
gravity,  or  a 1,500-meter  crater  on  the 
Moon. 

Schmidt’s  goal  is  to  refine  the  laws 
that  relate  crater  characteristics  to  the 
size  and  velocity  of  the  impacting  body. 
Boeing’s  crater  studies,  funded  by 
NASA,  should  be  helpful  in  under- 
standing the  impacts  of  meteoroids 
and  space  "junk”  on  spacecraft.  □ 

—Henry  Fuhrmann 


Once  upon  a time... 


Outer  Space 

starts  at  your  feet... 

We  take  it 
from  there! 


A reflecting  telescope  of 
114mm  aperture.  Equa- 
torial mount  with  slow- 
motion  controls.  900mm 
focal  length,  yet  easily 
portable.  Tracking 
motor  available. 


Perfect  for  the  view-home 
or  your  own  backyard! 
Elegant  80mm  refractor 
with  sturdy  alt-azimuth 
mount  and  slow-motion 
controls  for  beautiful 
views  of  Jupiter,  Saturn, 
and  the  Moon! 


You  had  an  interest  in  astronomy.  You  found  the 
night  sky  exciting.  Mystifying!  So  you  bought  a typical 
"first  telescope"  at  the  department  store.  Soon,  excite- 
ment turned  to  dismay  as  you  learned  the  telescope 
couldn't  deliver  all  it  promised.  So  you  sold  it,  or  put  it  in 
the  attic.  And,  disappointed,  you  forgot  the  cosmos. 

It  doesn't  need  to  be  that  way! 

Select  one  of  our  quality  telescopes  and  you'll 
immediately  notice  they  differ  greatly  from  so-called 


"department  store"  models...  ours  work!  We  also 
offer  several  excellent  "how-to"  books  to  help  you 
get  started.  Order  our  catalog  TF-89  today,  $1 .00. 


101  WEST  MAIN  ■ P.O.  BOX  2001 
ARDMORE.  OKLAHOMA  73402 
405/226-3068 
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Backmrd  I Iniverse 

So  You  Want  to  Buy  a Telescope 


lear  evening  skies  hung  over 
U the  quiet  Washington  streets, 
j on  which  Abraham  Lincoln  walked 
: alone.  Six  weeks  after  the  North  won  at 
j Gettysburg,  a question  nagged  the 
j president: 

; Why  does  the  Moon  appear  inverted 

j in  a telescope? 

I A few  nights  earlier,  the  president 
| had  visited  the  U S,  Naval  Observatory 
j where,  using  a 9.6-inch  refracting  tele- 
i scope,  astronomer  Asaph  Hall  had 
j guided  him  from  lunar  craters  to  the 
j bright  exploding  light  of  the  star 
: Arcturus. 

| Lincoln  was  intrigued  enough  to 
| return  to  the  observatory  and  seek  out 
i Hall  again.  Living  up  to  his  reputation, 
\ the  president  was  honest  enough  to 
| ask  his  question,  and  the  astronomer 
l explained  the  inverted  image.  Light  for 
; the  telescope  is  gathered  by  a convex 
j lens— both  sides  bulge  out.  The  light 
; is  bent  by  the  lens  on  its  way  to  the 
j eyepiece,  where  it  is  focused.  That’s 
j why  the  image  appears  inverted 
j For  the  modern  novice  who  wants  to 
j pick  up  where  Lincoln  left  off,  there  are 
j three  basic  types  of  telescopes  from 
i which  to  choose:  Refractors,  reflectors 
j and  a combination  of  the  two.  All  three 
: will  allow  even  the  beginner  to  see 
j lunar  craters,  Saturn’s  rings,  perhaps 
; Jupiter's  great  Red  Spot,  a crescent 
j Venus— even  nebulae  and  other 
i galaxies,  provided  you  have  an  aper- 
j ture  (opening  at  the  front  of  the 
j telescope)  large  enough  to  bring  in 
i enough  light,  in  fact,  a 60-millimeter 
j opening  is  about  the  smallest  aperture 
j useful  to  backyard  astronomers. 

Prices  vary  from  a few  hundred  doL 
: lars  for  a small  personal  instrument  to 
i several  thousand  bucks  for  the  serious 
i sky  investor  If  you  live  in  a big  city  and 
j want  to  gaze  from  an  apartment  bai- 
I cony,  stay  within  a few  hundred  dollars, 
j More  expensive  telescopes  aren’t 
j goi  ng  to  do  you  much  good,  and  there's 
j still  plenty  to  see  with  a smaller 
! instrument. 

Regardless  of  the  price  and  type  of 
j telescope  you  want  to  own,  think  seri- 
: ously  about  the  eyepiece — literally 
i one  of  the  most  overlooked  parts.  Con- 


Which  one  has  the  right  duff  for  you? 

▼ ▼ ▼ 

By  Bla  i ne  R F riedlande  n Jr 

stder  this  analogy:  a telescope's 
eyepiece  is  rather  like  a slide  projector. 
The  farther  the  projector  sits  from  the 
screen,  the  larger  the  image  Bring  the 
projector  closer  to  the  screen  and  the 
image  shrinks,  but  it  is  brighter  and 
sharper.  That's  the  beauty  of  tow  power 
eyepieces  The  lower  the  power,  the 
sharper  the  image. 

Make  sure  your  telescope  is  on  a 
solid  stand.  With  a weak  support, 
images  dance  like  swinging  sparklers 
on  the  Fourth  of  July.  A solid  mount  with 
an  equatorial  setting  is  best.  Don't  use 
a camera  tripod.  They  wobble,  and 
they  can't  follow  the  sky  because 
they're  designed  to  hold  a camera  in 
one  position. 

An  equatorial  stand  will  allow  you  to 


follow  celestial  objects  with  precision 
as  the  Earth  moves  beneath  the  night 
sky.  In  other  words,  you  won  t have  to 
move  the  telescope  up-and-over  every 
five  minutes  You  can  guide  the  scope 
consistently  with  the  stars  and  planets 
using  a single  motion. 

Okay,  you've  considered  the 
eyepiece  and  the  mount  before  buying 
your  telescope.  Now,  which  is  better: 
the  refractor  or  the  reflector?  For  a new- 
comer, that's  like  asking  if  a gas  stove  is 
better  than  an  electric  stove  They  both 
do  the  same  thing. 

Refractors  cost  more,  but  they’re  vir- 
tually maintenance-free.  The  tube  is 
covered  by  a lens  on  one  end  and  an 
eyepiece  on  the  other  You  set  it  up  and 
look. 

With  reflectors,  light  enters  the  open 
end  of  the  telescope  tube  and  heads  to 
a primary  mirror  at  the  bottom.  The  light 
reflects  off  that  mirror  to  a secondary 
mirror  which  shoots  the  light  into  the 
eyepiece.  Reflectors  generally  require 
a little  more  care:  bumpy  trips,  dust 
and  dirt  are  this  telescope's  enemies. 

If  portability  is  a consideration,  you’ll 
want  to  look  at  a Schmidt-Cassegrain 
reflector  It  packages  its  primary  and 
secondary  mirrors  in  a relatively  short 
tube,  and  positions  the  eyepiece  at  the 
rear  (like  a refractor).  Cheap  they 
aren’t;  a Schmidt-Cassegrain  usually 
costs  significantly  more  than  other 
reflectors  of  the  same  size 

Combine  a refractor  and  a reflector, 
and  you  gef  a ,lcatadiaptric,,  telescope, 
which  uses  both  a lens  and  mirrors. 
Some  telescope  enthusiasts  argue  that 
because  light  passes  through  the  lens 
to  two  mirrors  and  an  eyepiece,  you 
lose  a little  of  the  object  in  your  image. 

But  the  beginner  really  can't  go 
wrong  with  any  type  of  telescope. 
Whether  you  start  with  a refractor, 
reflector  or  catadioptric,  there’s  plenty 
to  see  on  a good,  dark  night.  Make  your 
own  discoveries  or  invite  friends 
over— you'll  be  surprised  at  how 
quickly  they'll  hog  the  eyepiece.  After 
that,  you  won’t  consider  yourself  a 
closet  astronomer  anymore.  You’ll  be 
an  astronomer,  period. 

Just  like  that  guy  Lincoln.  □ 
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Boundaries 


Small  World 


When  K.  Eric  Drexler  pictures 
the  space  suit  of  the  future,  he 
envisions  a soft,  gray,  rubbery-looking 
thing  with  a transparent  helmet. 

“It  slips  on  easily  and  the  seam  seals 
at  a touch,”  predicts  Drexler  “Behind 
your  shoulders,  scarcely  noticeable,  is 
a small  backpack.  Below  your  neck  the 
suit’s  inner  surface  hugs  your  skin  with 
a light,  uniform  touch  that  soon 
becomes  almost  imperceptible.  You 
bend  and  stretch  and  feel  no  restraint, 
no  pressure  points.  When  you  rub  your 
fingers  together  they  feel  sensitive,  as 
if  bare — but  somehow  slightly  thicker. 
What  is  more,  you  feel  just  as  comfort- 
able when  you  step  out  into  the  vacuum 
of  space." 

The  backpack  would  contain 
a mini-ecosystem  based  on 
"nanorobots,"  absorbing  sun- 
light in  space  and  producing  a 
limitless  flow  of  fresh  oxygen 
from  the  carbon  dioxide  you 
exhale. 

That  is,  if  the  robots  can  be 
shrunk  tothe  size  of  living  cells. 

Drexler  is  a Stanford  Univer- 
sity engineer,  futurist  and 
author  of  Engines  of  Creation , 
in  which  he  outlines  a revolu- 
tionary future  era  of  molecular 
engineering.  He  envisions  that 
the  current  era  of  microtech- 
nology,  with  transistors  and 
components  a few  millionths  of 
a meter  in  size,  will  give  way  to  an 
age  of  nanotechnology  in  which  the 
dimensions  are  measured  in  billionths 
of  a meter. 

Nanotechnology  means  more  than 
ultra-tininess,  however.  It  would  allow 
engineers  to  create  objects  in  which 
each  atom  would  be  a distinct  building 
block. 

Nanocomputers  are  at  the  top  of 
Drexler’s  wish  list.  They  would  not  be 
electronic,  since  transistors  and  circuit 
elements  don’t  work  at  atomic  sizes. 
Instead,  Drexler  proposes  to  use  “rod 
logic.”  The  rods  would  be  made  of  car- 
bon, a few  atoms  wide,  and  would  be 
pushed  or  pulled  to  represent  the 
digits  0 and  1,  the  basic  units  of  com- 
puter operation.  The  result,  he 


A teaspoon  of  computers  may 
drive  tomortvws  spaceships. 


By  T.A.  Heppenheimer 


concludes,  would  be  a computer  as 
fast  and  as  powerful  as  a modern  main- 
frame system,  yet  able  to  fit  in  a cube  a 
few  microns  on  each  side.  Tens  of  bil- 
lions of  these  nanocomputers  would  fill 
the  volume  of  a teaspoon. 

Given  nanocomputers,  Drexler  goes 
on  to  apply  them  as  brains  for 
nanorobots.  As  for  moving  parts— 


motors,  shafts,  and  the  like — Drexler 
draws  inspiration  from  the  life  of  a cell. 
“My  body  is  full  of  nanomachines,”  he 
declares.  "Molecular  motors  driving 
bacteria  within  me.  Linear  or  sliding 
motors  within  my  muscle  fibers."  This 
same  exquisite  control  of  matter,  atom 
by  atom,  would  yield  mechanisms  that 
work  like  their  cellular  counterparts. 

Many  of  Drexler’s  nanorobots  would 
take  the  form  of  "assemblers,”  able  to 
take  hold  of  individual  atoms  within  a 
fluid  medium  and  put  them  neatly  into 
place  within  a molecular  framework. 
Diamond  fiber,  light  in  weight  and  far 
stronger  than  steel,  could  therefore 
become  a common  material;  the 
assemblers  would  fit  together  the  nec- 


essary atoms  as  if  they  were  Tinkertoys. 

A master  nanocomputer,  acting  like 
a fertilized  ovum,  could  cause  a large 
number  of  cell-like  assemblers  to  link 
up  to  form  a "body.”  It  would  have  the 
shape  of  a specific  large  object— a 
rocket  motor,  for  instance.  Then,  by 
extracting  appropriate  atoms  from  a 
succession  of  fluid  baths,  the  array  of 
assemblers  would  build  the  rocket  out 
of  diamond  and  sapphire.  “It  is  a 
seamless  thing,  gemlike, ” Drexler  has 
written.  "Tap  it,  and  it  rings  like  a bell. 
Compared  to  a modern  metal  engine, 
this  advanced  engine  has  over  ninety 
percent  less  mass.” 

Rockets,  however,  are  already  old 
hat  in  Drexler's  thinking.  For 
space  propulsion,  he  puts 
his  hopes  in  “lightsails," 
gossamer  reflectors  that 
would  sail  on  the  solar  wind. 
“Imagine  a network  of 
graphite-fiber  strands,  a 
spinning  spider  web  kilome- 
ters wide.”  he  urges.  “Picture 
the  gaps  bridged  by  reflect- 
ing panels  built  of  aluminum 
foil  thinner  than  a soap  bubble. 
Now  picture  a load  of  cargo 
hanging  from  the  web  like  a 
parachutist  from  a parachute." 

How  close  are  we  to  such 
visions?  So  far,  nanorobots  exist 
only  in  the  realm  of  the  theoretic- 
ally possible.  At  Bell  Labs,  one 
group  of  scientists  has  shown 
that  it  is  possible  to  manipulate  single 
atoms,  or  small  groups  of  atoms,  drop- 
ping them  into  place  upon  a surface.  At 
Carnegie-Mellon  University,  the  chem- 
ist Robert  Birge  has  devised  molecules 
that  change  their  shape,  flexing  like  a 
movable  arm  when  exposed  to  light  of 
the  proper  wavelength. 

Similar  molecules  might  serve  as 
grabbers,  taking  hold  of  atoms  and 
then  inserting  them  into  place.  Such 
experiments  represent  no  more  than 
the  bare  beginnings  of  nanotechnol- 
ogy. But  Drexler  is  undaunted  by  the 
challenge.  These  early  efforts,  he  says, 
“might  give  us  tools  with  which  to  build 
the  tools,”  with  which  to  pursue  his 
vision.  □ 
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BETTER  FROM  THE  INSIDE  OUT 


See  the  Ultima  8 at  your  Celestron 
dealer  today. 


Celestron  proudly 
introduces  the  ULTIMA  8— 
the  finest  8"  Schmidt- Cassegrain 
telescope  in  the  world. 


ULTRA  ACCURATE  DRIVE 
GEAR  SYSTEM 

►Celestron/Byers 
large  ultra-accurate  359 
tooth  worm  gear  drive  is 
recognized  world-wide  as  the 
most  accurate  system  offered  on 
any  commercial  fork-mounted  telescope. 


USER-FRIENDLY  OPERATION 


The  design  features 
incorporated  in  the  Ultima  8 
offer  the  beginner  and  the 
serious  amateur  ease-of-use 
along  with  sophisticated 
innovations  not  available  in 
other  8"  scopes. 


UNSURPASSED  OPTICAL  EXCELLENCE 
►Ultima's  property 
baffled  8"  aperture, 

2032  mm  focal  length,  f/10 
Schmidt-Cassegrain  opti- 
cal system  is  simply  the 
best  you  can  buy 

►Starbright*  optical 
coatings  group  produces 
the  brightest  image  avail- 
able on  any  8"  Schmidt* 

Cassegrain  scope. 


MECHANICAL/ 

STRUCTURAL 
STABILITY 

►New  larger,  more 
rigid  castings  for  fork  tines,  drive  base, 
polar  shaft  and  rear  cell  make  Ultima  8 
incredibly  stable. 

►Improved  tripod  with  rubber  coated 
legs  and  heavy  duty  wedge  for  rock  solid 
viewing  and  astrophotography. 


CORDLESS  ELECTRONIC  DRIVE 


►Quartz-Locked  accurate  and  easy- 
to-use  electronic  drive  system  is  totally 
cordless— no  separate  power  requirements 
or  myriad  of  wires  to  contend  with. 

►Base  includes  built-in,  sealed, 
rechargeable  lead  acid  batteries  for  a full 
night's  operation  on  a single  charge.  Drive 
corrector  elements  for  advanced  astropho- 
tography are  included— add  only  a simple 
hand  controller. 


►Convenient  carrying  handles  on  the 
forks  and  rear  cell  for  safe,  easy  handling. 
►Deluxe  foam-fitted  carrying  case. 
►Covered  by  Celestron’s  limited  life- 
time warranty 

QUALITY  STANDARD  ACCESSORIES 
►Wide  angle,  bright-image  30mm 
Multi-Coated  PA"  Plossl  eyepiece  and  high 
power  7 mm  Orthoscopic  ocular. 


Call  1-800-421-1526  for  a free  color 
brochure  for  details  on  the  exten- 
sive array  of  optional  accessories 
available  as  well  as  more  informa- 
tion on  the  features  of  the  Ultima  8. 

CELESTROn 

Celestron  International 
PO  Bos  3578,  2835  Columbia  Streel 
Torrance.  CA  90503  (213^  32S-9560 
Toll  Free  1-800-4214526  {Continental  USA) 


Day  View 
see  names  and 
constellations 


Night  View— only  stars  glow 


Surround  Yourself  Wi 


7x7'Mop  Of  The  Future. 


If  you've  dared  dream  of  owning  your  own 
planetarium  some  day,  today’s  the  day!  What’s  more, 
stars  in  this  planetarium  glow  all  night  in  6 magni- 
tudes of  brightness,  without  clouds  or  smog  or  city 
lights  to  spoil  your  view. 

Two  years  of  research  and  experimentation  went 
into  the  "Heavens  Above!®  " mural  from  NightSky''" 
Enterprises.  We  chose  embossed  leathery  paper 
(6 sheets  and  49  sq.  ft.  of  it!)  for  easy  at-home  assem- 
bly. This  brilliant  reproduction  of  names  and  constel- 
lations in  white  on  beautiful  Space  Blue  is  a unique 
addition  to  any  room.  A dense  luminous  ink  makes 
the  stars  glow  for  hours.  We  also  developed 
NightSky  SpaceBondj"  the  adhesive  that  enables  you 
to  mount  the  6 sheets  and  remove  them  without 
damaging  the  mural  or  your  wall.  And,  with  added 
SpaceBond,  you  can  easily  remount  them. 

Included  with  your  mural,  your  own  Star  Locator 
and  a detailed  16  page  descriptive  booklet  "Guide 
to  the  Heavens”  by  Charles "Budd’’  Howard  III,  Assis- 
tant Director  of  Pomona,  NJ,  Stockton  College 
Observatory. 

You'll  view  from  40°  N.  Latitude  61  constellations, 
over  500  stars,  nebulas,  clusters,  the  Ecliptic,  and  the 
Milky  Way  glowing  softly  beyond.  Enjoy  it  on  ceilings 
or  walls  of  home,  office  or  classroom. 


liqhtSR 


All  this  for  only  $55.00 
plus  $3  shipping  & handling 

Satisfaction  Guaranteed 

Credit  Card  Orders  Toll  Free 

1-800-NITESKY 


is  a 


gold  medal  winner  for 
printing  excellence  in  the 
1988  Neographics  Art 
Competition. 


Mention  FINAL  FRONTIER  <tnd  receive  d 1096  discount  for  Hedvens  Above1® 


SEND  TO:  NightSky  Enterprises, 
Box  278,  Pomona,  NJ  08240 

r 


€>  NightSky  Enterprises  1988 


Send V x 7'  Heavens  Above!®  murals,  complete 

with  NightSky  SpaceBond)M  16  page  illustrated  Information 
Brochure,  and  Star  Locator  at  $55  + $3  shipping  & han- 
dling ($100  for  2 + $5  s&h).  Outside  Continental  US  @ $7 
shipping  & handling  or  $15  air  parcel. 

Enclosed  is  my  □ check  or  □ money  order 
Charge  my  □ MasterCard  or  □ VISA. 

Card  No. Exp.  Date: 

Name 

Address 

City 


_State_ 


-Zip- 


Phone  No._ 
Signature_ 


_Total  Enclosed  $_ 


NJ  residents  please  add  6%  sales  tax 


Dread  of  War 

Artist:  Kurt  C.  Burmann 
Medium:  Acrylics  16  x 20 

This  award  winning  painting 
representing  Mars  and  a unique 
close-up  view  of  its  distant  moon 
Diemos,  is  presented  in  a new  museum 
quality  limited  edition  signed  and 
numbered  print  of  950  for  the  debut 
price  of  $95.00  each  plus  $5  s&h  (Ml 
residents  add  4%  sales  tax). 
Mastercard,  Visa,  check  or  money 
order  to:  Burmann  Art  Productions. 
23043  E.  Main,  PO  Box  907  Armada,  Ml 
48005-0907  (313)  784-5261  or 
784-8740 


An  Astronaut’s  Journey 

Artist:  Wayne  Begnaud 
Medium:  Designers  Gouache 

Wayne  is  employed  as  a full 
time  artist  for  Lockheed  in 
Ontario.  CA.,  and  is  also 
available  for  freelance 
work.  A signed  11  x 14  cus- 
tom color  photoprint  of  “An 
Astronauts  Journey,"  which 
depicts  the  many  missions 
of  astronaut  John  Young,  is 
offered  with  a biography  of 
the  astronaut  for  $19.95 
plus  $3  for  shipping.  Send 
check  or  money  order  to 
Creative  Images,  963  N. 
Beech  wood  Ave.,  Rialto, 

CA  92376. 


Going  Home 

Artist:  Timothy  J.  Dowling 

Get  personal  enjoyment  as  you  live  in 
the  future  with  the  fine  art  of  Timothy  J. 
Dowling.  750  signed,  numbered,  limited 
edition  lithographic  reproductions 
printed  on  archival  paper  (100%  rag, 
acid  free).  Send  $175  plus  $8.50 
shipping  (Fla.  residents  add  6%  sales 
tax)  check  or  money  order  to:  Dowling 
Gallery.  PO  Box  10742,  Clearwater,  FL 
34617  (813)  584-2725. 


RECEIVE  FINAL  FRONTIER  INTO  THE  21st  CENTURY  FOR  JUST  $99 


Final  Frontier  has  hfr  off.  We’ve  soared  beyond 
our  most  optimistic  projections.  And  now  we  re 
planning  for  the  year  2001. 

This  is  an  opportunity  for  true  believers 
people  who’ve  always  championed  space  explora- 
tion; people  who  believe  in  the  magazine. 

For  less  than  a hundred  dollars,  you  can  have 
Final  Frontier  delivered  to  your  front  door  through 
December,  2001. 

You'll  be  aboard  through  the  second  great 
wave  of  space  exploration.  You’ll  be  the  first  to 
hear  about  astronomical  events,  human-made  or 
otherwise. 

)or/r  uil'xiiption  >vnvy  yen  ever  $1  50 oil  the  ttews- 
sttUhl  I'fht'  iiiui  ,ilnto<t  hill  of  I tlx  regttbr  sulwipltoti 
pvtee  ieii  I.  nr  even  mere  when  yen  rent  trier  inevitable  pnee 
mereiises.  AnJ  ye  nr  living'  will  inere,t.<e  Jnwhitie.iHy  \vl:en 
we  kr cine  a monthly  iiht^ttte 

Your  $99  also  lends  Final  Frontier  a boost  at 
this  critical  time.  Your  subscription  will  allow  us 


to  reach  more  space  enthusiasts,  publish  more 
frequently,  and  raise  the  magazine’s  standards 
even  higher. 

All  of  which  should  help  us  reach  our  ulti- 
mate goal  — seeing  more  gleaming  silver  ships 
leave  the  boundaries  ol  earth. 

Subscribe  to  Final  Frontier  through 
Kubrick  and  Clarke’s  appointed  year.  And  help 
us  build  a ladder  to  the  stars. 


YES,  1 WANT  TO  SUBSCKl  BF.  TO  FINAL.  FRONTIER  THROUGH 
DKCKM  BKR,  200 1,  FOR  TH F.  I £> W PRICK  OF  $99-THATS  60%  ( >FF 
i THE  NEWSTAND  PRICE 

, □ My  payment  u fxrfvssd  □ P feast  biff  mt  □ Charge  io  my  tredii  tard 

I □ VISA  □ MC  Actavni  # Expiration  date 

I Signature Dale 


Name  (please  prim) 
Add  ress 


City 


Stale  Z\\t 

Kill  in  this  coupon,  dip  it  out,  and  mail  ii  to: 

Kinai.  Knontikk  Mm.  azinf 
IK).  Box  mm 
Minneapolis,  Minnesota 

For  Canadian  and  foreign  subscriptions, 

PLEASE  WRITE  FOR  FURTHER  INFORMATION. 

TO  ORDER  8Y  PHONE,  CALL:  (612)  884-6420. 
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Slow  dancing 
with  a Martian  moon 
By  Vyacheslav  Kovtunenko 


he  last  time  we  paid  a visit  to 
Mars,  two  U.S.  Viking  pro- 
bes sent  back  the  first 
historic  photos  from  the 
planet's  rocky  surface. 
Now,  more  than  12  years  later,  a Soviet 
spacecraft  called  Fobos  2 has 
returned  to  rendezvous  with-and  land 
on-one  of  Mars'tiny  moons  ("Mission  to 
Phobos,"  June  1988).  Most  of  the  action 
is  scheduled  for  late  April. 

FINAL  FRONTIER  asked  the  Soviet 
technical  director  for  the  Fobos  proj- 
ect, Vyacheslav  Kovtunenko,  for  a 
status  report  on  the  mission  and  a pre- 
view of  things  to  come.  At  the  time  we 
went  to  press,  minor  problems  with 
Fobos  2’s  television  cameras  and  data 
collection  system  were  not  expected  to 
jeopardize  the  success  of  the  mission. 

- Editor 

Several  years  ago,  at  the  peak  of  the 
program  to  study  Venus  and  Halley’s 
Comet  known  as  project  VEGA,  the 
Soviet  Union  invited  the  international 
scientific  community  to  take  part  in  a 
still  more  complicated  expedition  to 
Mars.  The  project  that  resulted-called 
“Fobos”-involves  Soviet  specialists 
working  together  with  scientists  from  11 

A mobile  probe,  or  “hopper,”  will  bounce 
from  place  to  place  on  the  tiny  moon, 
analyzing  the  soil  as  it  goes. 


European  countries,  as  well  as  repre- 
sentatives of  the  European  Space 
Agency. 

Two  unmanned  interplanetary  space- 
craft, Fobos  1 and  Fobos  2,  were 
launched  from  the  Baikonur  Cosmo- 
drome last  July  on  a 200-  day  flight  to 
Mars.  The  expedition  uses  the  first  in  a 
new  class  of  "intellectual”  space 
robots  capable  of  observing  large  sec- 
tions of  the  surfaces  of  celestial 
objects,  while  observing  compara- 
tively small  areas  in  minute  detail. 

This  new  class  of  probes  is  particu- 
larly convenient  for  studying  small 
bodies  like  Phobos,  which  have  weak 
gravitational  fields.  Fobos  is  capable  of 
closing  in  on  an  object  and  performing 
complicated  maneuvers  over  its  sur- 
face, using  only  information  from  the 
spacecraft’s  own  onboard  facilities 
and  television  system. 

The  initial  stage  of  the  flight  of  both 
spacecraft  passed  successfully.  On 
July  16  and  21,  scheduled  trajectory 
corrections  were  carried  out.  In 
August,  ground  tracking  stations  at 
Yevpatoria,  Ussuriysk,  and  other 
places  started  receiving  scientific 
data. 

The  long  transit  to  Mars  provided 
opportunities  to  study  the  Sun  in  the  x- 
ray,  ultraviolet  and  optical  ranges,  and 
to  determine  the  composition  of  the 
continued  on  page  62 
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Forget  the  politics. 
Forget  who's  ahead. 
What's  the  best  way 
to  get  there? 

By  Tony  Reichhardt 


Roads  to  Mars 


nt’s  snowing  like  a bear  in 
Chicago.  Thousands  of 
stranded  travelers  are 
spending  the  last  miser- 
able moments  of  their 
Christmas  vacation  drooped  in  the 
lobby  chairs  at  O’Hare  airport,  wanting 
nothing  more  than  to  get  home.  And  in 
the  nearby  suburb  of  Schaumburg, 
John  Soldner  is  trying  to  get  to  Mars. 

He  points  to  a computer  printout,  like 
a ticket  agent  routing  me  through 
Cleveland,  This  particular  flight — an 
opposition-class  trajectory  leaving 
Earth  in  November  2004 — looks  pretty 
good  in  terms  of  price  and  travel  times. 
A flyby  of  Venus  on  the  way  out.  Thirty- 
day  layover  at  Mars.  There’s  an 
advance  purchase  required,  though: 
about  15  years  of  steady  funding. 

If  you  don’t  care  to  stop  at  Mars,  Sol- 
dner can  offer  you  a round-trip  flyby  in 
2003  that  would  take  only  12  months. 
You  say  humans  aren’t  up  to  such  a long 
and  perilous  voyage?  Last  December, 
two  Soviet  cosmonauts  returned  to 
Earth— healthy  and  happy,  by  all 
accounts — after  a full  year  in  orbit. 

For  the  first  time  in  history,  a human 
expedition  to  Mars  is  within  hailing  dis- 
tance. In  fact,  we're  probably  closer  to 
the  first  Mars  journey  than  to  the  last 
landing  on  the  Moon. 

We've  been  heading  there  for  dec- 
ades, of  course.  The  first  to  do  the 


practical  calculations  was  Walter 
Hohmann,  architect  for  the  German 
city  of  Essen-on-the-Ruhr,  who  in  1925 
described  a way  to  reach  Mars— or 
any  other  planet — using  the  least 
possible  amount  of  energy. 

Interplanetary  travel,  Hohmann 
knew,  is  a game  of  moving  targets. 
Earth,  Mars  and  a spacecraft  all  orbit 
the  Sun  at  different  speeds,  so  our  craft 
needs  to  meet  up  with  Mars  at  the  right 
moment  in  its  perpetual  race  around 
the  Sun.  If  we  nudge  the  spacecraft 
with  enough  rocket  thrust,  it  will  break 
out  from  Earth’s  orbit  into  a wider 
ellipse  around  the  Sun.  That  lazy,  arc- 
ing path  eventually  grazes  up  against 
Mars’  orbit  when  the  Red  Planet  is  on 
the  opposite  side  of  the  Sun  from 
Earth — an  alignment  known  as 
conjunction. 

With  these  “conjunction-class” 
orbits,  the  typical  round-trip  to  Mars 
takes  three  years.  About  a year  is  spent 
exploring  the  Martian  surface,  before 
the  planets  are  again  aligned  in  such  a 
way  as  to  make  the  return  trip 
economical. 

Until  recently,  Hohmann’s  route  was 
about  the  best  we  could  do  using  ordi- 
nary rocket  vehicles.  When  Wernher 
Von  Braun  published  the  first  blueprints 
for  a Mars  expedition  in  1952,  he  sent 
his  flotilla  of  ten  vessels  and  seventy 
people  on  a Hohmann  trajectory.  The 
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"Marsprojekt,"  dreamed  up  in  the  des- 
erts of  Texas  and  New  Mexico  where 
Von  Braun  was  testing  rockets  after 
World  War  2,  was  remarkable  for  many 
things,  including  its  identification  of 
the  human  problems  that  still  plague 
Mars  planners  today— the  effects  of 
weightlessness,  radiation  and  even  the 
"spiritual  hardships"  of  long-term 
spaceflight. 

In  the  mid-1960s,  while  Von  Braun 
was  still  building  his  giant  Saturn  5 
vehicle  to  carry  the  first  astronauts  to 
the  Moon,  NASA  was  actively  con- 
sidering sending  humans  to  Mars  as  a 
followup.  As  many  as  60  contractors 
worked  on  the  mission  designs,  with 
plans  to  reach  Mars  before  the  end  of 


(SA1C)  in  Chicago— developed  the 
“split/sprint"  trajectory  that  has 
changed  our  way  of  thinking  about  voy- 
ages to  Mars, 

A similar  concept  had  been  worked 
out  almost  simultaneously  by  a group 
of  students  at  the  University  of  Texas, 
but  it  was  the  Ride  report  that  brought 
the  revolutionary  split/sprint  mission 
into  the  mainstream  of  NASA  thinking. 

Nlehoffs  approach  is  surprisingly 
simple  First,  anything  that  isn't  neces- 
sary for  the  Mars-bound  leg  of  the 
journey  is  sent  ahead  on  a slow,  con- 
junction-class trajectory,  to  be  parked 
in  Mars  orbit.  This  includes  the  vehicles 
(and  fuel)  that  would  take  the  crew 
down  to  the  Martian  surface  and  back 


The  long  road:  A Moonbase  could  be  either  a valuable  steppings  tone  or  an  unnecessary 
detour  on  the  way  to  Mars, 


the  1980s.  There  is  little  doubt  we'd 
have  been  there  by  now  if  the  funding 
had  continued. 

But  by  1972,  the  post -Apollo,  post- 
Vietnam  depression  had  set  in,  and  the 
nation  turned  its  back  on  human  explo- 
ration beyond  Earth,  Instead,  NASA 
focused  on  building  a reusable  space 
plane  for  reaching  orbit.  Official  talk 
about  Mars  expeditions  was  driven 
underground,  and  the  faithful  — 
including  many  from  NASA — were 
forced  to  meet  like  Christians  in  the 
catacombs  at  a series  of  "Case  for 
Mars"  conferences  held  in  Colorado, 

In  the  soul-searching  that  gripped 
NASA  following  the  Challenger  acci- 
dent in  1986,  the  agency's  thoughts 
once  again  turned  toward  human  trips 
to  the  Moon  and  Mars,  Under  contract 
to  a NASA  task  force  headed  by 
astronaut  Sally  Ride,  John  Niehoff— 
John  Soldner's  boss  at  Science  Appli- 
cations International  Corporation 


up  to  orbit,  as  well  as  whatever  fuel  and 
supplies  would  be  needed  for  the  tour- 
ney home. 

The  crew  wouldn't  leave  Earth  until 
the  cargo  ship  had  reached  Martian 
orbit  safely.  Only  then  would  they  be 
launched  on  a high-energy  path  that 
would  get  them  to  Mars  (in  the  case  of 
the  November  2004  opportunity)  in 
only  seven  and  a half  months.  Upon 
arrival,  an  "aerobrake"  shield  would 
slow  the  speeding  spacecraft,  using 
drag  from  the  thin  Martian  atmosphere 
to  bleed  off  energy.  Aerobraking  is  vital 
to  the  split/sprint  concept,  because  it 
reduces  the  need  to  carry  heavy 
retrorockets  and  fuel  to  slow  down  at 
Mars. 

The  crew  would  spend  about  30  days 
at  Mars— 20  days  exploring  the  sur- 
face — before  they  would  have  to  return 
to  Mars  orbit,  fuel  up  their  return  vehi- 
cle from  tanks  sent  ahead  on  the  cargo 
craft,  and  head  for  home  while  the 


planets  were  still  properly  aligned. 

The  trip  back  to  Earth  is  also  a high- 
energy  trajectory.  In  fact,  it  can  take 
less  time  than  the  outbound  voyage- 
only  five  and  a half  months  for  the  2004 
case.  (“Sally  Ride  really  liked  that  short 
trip  home,"  says  Niehoff).  Total  round- 
trip:  only  14  months.  And  that's  using 
plain,  old  chemical  propulsion— the 
same  technology  that  has  launched 
everything  from  John  Glenn's  Mercury 
capsule  to  today’s  space  shuttle  by 
burning  liquid  fuel  in  the  presence  of 
oxygen. 

Niehoff  and  his  SAIC  team  figure  14 
months  is  about  as  good  as  we  can  do 
given  the  current  ground  rules.  You 
could  get  there  faster,  but  you’d  need  to 
haul  prohibitive  amounts  of  fuel  into 
Earth  orbit— still  the  most  expensive 
part  of  the  whole  journey.  You  can  stay 
longer  on  the  surface  of  Mars— 60 
days  in  one  scenario — but  that  drives 
the  round  trip  up  to  20  months. 

Finding  a technological  shortcut  to 
Mars  is  not  the  same  as  having  a strat- 
egy, however.  That's  why,  for  the  first 
time  in  20  years,  NASA  is  now  studying 
the  larger  question  of  how-and  when- 
this  nation  might  dare  to  send  its  first 
human  expedition  to  another  planet, 

Frank  Martin,  head  of  the  space 
agency’s  new  Office  of  Exploration,  is 
careful  to  point  out  that  the  “case 
studies"  currently  underway  are  not 
actual  mission  designs.  They're  simply 
exercises,  a way  to  test  different 
options  and  approaches  to  the  broad 
problem  of  “expanding  human  pres- 
ence and  activity  into  the  Solar 
System." 

Last  year's  four  hypothetical 
scenarios  included  a split/sprint 
expedition  of  four  people  to  the  Martian 
moon  Phobos  in  2003;  a series  of  three 
missions  to  Mars,  beginning  with  an 
eight-person  voyage  in  2006:  an 
observatory  on  the  Moon;  and  a more 
involved  lunar  base  that  would  be  a 
stepping  stone  for  the  first  Mars  jour- 
ney, which  would  happen  sometime 
around  2010. 

The  three  Mars-related  scenarios 
show  the  wide  range  of  thinking  on 
which  is  the  best  approach  to  the  Red 
Planet.  Each  road  has  its  advocates. 
The  Phobos  option  traces  its  heritage 
to  S,  Fred  Singer,  now  the  chief  scientist 
at  the  US.  Department  of  Transporta- 
tion and  one  of  the  key  strategists 
behind  the  launch  of  the  first  Earth 
satellite  in  the  1950s.  Singer 
introduced  his  "PhD"  — Phobos- 

Deimos— concept  in  1978  as  a quick 
and  practical  first  voyage  to  Mars. 

Instead  of  sending  the  first  crew  to 
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the  Martian  surface,  which  requires 
heavy,  expensive  vehicles  to  land  on 
the  surface  and  then  fight  the  planet's 
gravity  back  up  to  orbit  again, 
astronauts  would  stop  at  one  of  the  tiny 
Martian  moons,  where  the  gravity  is 
extremely  tow.  (Its  actually  as  easy  to 
reach  Phobos  as  it  is  to  land  on  our  own 
much  closer  Moon,  in  terms  of  the 
amount  of  energy  required ) From  Mar- 
tian orbit,  the  humans  could  “drive" 
robot  rovers  that  would  explore  the 
planet  below,  without  the  annoying  20- 
minute  time  delay  that  tele-operators 
on  Earth  would  face. 

The  Martian  moons  are  more  than 
convenient  platforms  in  orbit,  however. 
Scientists  believe  they  contain  water 
and  other  resources  that  could  be  used 
to  produce  rocket  fuel,  oxygen  and 
other  supplies  for  future  expeditions. 

Singer  argues  that  “a  mission  to 
Phobos  and  Deimos  is  not  only  easier 
and  cheaper  by  far,  but  scientifically 
more  valuable  than  landing  people  on 
Mars  itself." 

NASA  isn't  ready  to  go  that  far,  but  the 
agency  is  clearly  interested  in  the 
Phobos  option.  Last  year  s case  study 
found  the  idea  to  be  "promising,"  and 
one  of  this  year’s  exercises  includes  a 
PhD  mission  as  the  first  in  a series  of 
four  Mars  expeditions  from  2004  to 
2011.  A Phobos  flight  might  even  elimi- 
nate the  need  for  an  earlier  automated 
sample-return  mission — the  PhD 
astronauts  would  simply  bring  back 
samples  gathered  by  their  tele- 
operated  robots 

Not  everyone  is  enthusiastic  about 
traveling  40  million  miles  to  Mars,  at  a 
price  tag  of  tens  of  billions  of  dollars, 
only  to  stop  a few  thousand  miles  from 
the  surface.  Harrison  Schmitt,  the  last 
Apollo  astronaut  to  step  on  the  Moon 
and  a former  U.S.  Senator  from  New 
Mexico,  calls  the  plan  “stupid,"  a 
stalling  maneuver.  NASA's  Frank  Martin 
says  even  he  took  some  convincing  to 
see  the  idea's  merits. 

But  Kerry  Nock  of  the  Jet  Propulsion 
Laboratory,  who  has  designed  Mars 
missions  for  NASA,  thinks  it's  a “damn 
good  idea,"  particularly  for  its  devel- 
opment of  resources  that  could  be 
used  for  future  missions.  NASA  has 
started  calling  Phobos  a “gateway"  to 
more  advanced  exploration  of  the  Mars 
system. 

A similar  argument  rages  over  the 
u M a r s-  by-  way-of  -t  he-  M oo  n " a p p roac  h . 
Paul  Keaton  of  the  LosAfamos  National 
Laboratories,  who  directed  a com- 
prehensive study  of  Mars  exploration 
options  in  a joint  project  with  NASA  in 
1985,  strongly  favors  using  a lunar  base 


as  a testing  ground  before  committing 
to  Mars.  On  the  Moon,  Keaton  says,  we 
could  learn  how  to  protect  ourselves 
from  radiation,  how  to  live  in  reduced 
gravity,  and  how  to  operate  hardware 
for  long  periods  in  space.  In  one  of 
NASA's  1988  case  studies,  fuel  pro- 
duced on  the  Moon  is  used  to  cut  the 
cost  of  transportation  to  Mars.  The  first 
Martian  expedition  doesn’t  reach  the 
planet  until  after  2010,  but  it’s  able  to 
stay  for  a year  or  more  when  it  gets 
there. 

Again,  the  jury  is  divided.  Carl 
Sagan,  a vocal  Mars  supporter,  calls  a 
Moon  base  an  "unnecessary  detour"  if 
were  heading  for  Mars.  Apollo  11 
astronaut  Mike  Collins,  who  chaired  a 


Mars  mission  practical  believes  that  a 
race  to  plant  “flags  and  footprints11  on 
Mars,  with  no  plans  for  a follow-up, 
would  be  ’threatening  to  an  orderly 
program," 

NASA's  Office  of  Exploration  dings 
stubbornly  to  this  long  view  as  well. 
Frank  Martin  believes  we  can  have  it 
all— the  Moon  and  Mars—without 
breaking  the  federal  bank.  But  he, 
Niehoff  and  others  believe  it’s  of 
paramount  importance  to  keep  NASA's 
year-to-year  budget  requests  relatively 
constant,  with  no  huge  “peaks11  in  fund- 
ing that  might  make  a tempting  target 
for  budget-cutters,  like  a soldier's  head 
sticking  above  a trench. 

Some  of  the  pressure  for  a sprint  to 


Tfie  back  road:  Visiting  the  moons  of  Mars  first  may  open  a “gateway”  for  future 
expeditions  to  the  surface*  Ift  cheaper,  too. 


task  force  on  NASA  goals  in  1987  says 
the  agency  needs  one  major  goal,  not 
two.  His  choice  would  be  Mars. 

Most  experts  agree  with  Collins  that 
Mars  is  our  ultimate  destination. 
Whether  we  should  take  an  expedition- 
ary approach  or  a slow,  evolutionary 
one  is  the  issue.  There  is  a strong 
desire,  pervasive  in  the  space  "com- 
munity," to  avoid  the  experience  of 
Apollo— an  expensive  crash  program 
that  was  followed  by  years  of  virtual 
stagnation.  Many  "evolutionists"  get 
nervous  when  you  start  talking  about 
galloping  to  Mars.  This  time,  they  say, 
we  should  build  political  longevity  into 
the  program,  plant  roots  that  can't  be 
pulled  up  easily— even  if  it  means 
deferring  the  first  trip. 

That’s  precisely  why  some  evolu- 
tionists don't  like  tfre  idea  of  a “sprint" 
mission  at  all.  Even  John  Niehoff, 
whose  work  has  gone  a long  way 
toward  making  a quick,  Apolio-styfe 


Mars  has  come,  surprisingly,  from 
above  Searching  for  an  exciting  mis- 
sion to  catch  the  fancy  of  a new 
President.  NASA  Administrator  James 
Fletcher  last  year  asked  his  Office  of 
Exploration  to  determine  how  quickly 
the  United  States  could  land  on  Mars, 
given  the  political  mandate  to  do  so. 

One  of  the  options  now  under  study 
is  just  such  a crash  program.  Having 
learned  last  year  that  sending  eight 
people  to  Mars  can  be  prohibitively 
expensive,  the  1989  "mission"  throws 
off  some  ballast.  The  crew  has  been 
cut  down  to  three  people,  two  of  whom 
would  land  on  Mars,  Apollo-style. 
There  are  no  heavy  rover  vehicles,  and 
precious  little  science  equipment 
onboard.  Just  a landing,  20  days  on  the 
surface,  and  back  to  Earth. 

Neither  this  "lean  and  mean”  Mars 
landing  nor  a sprint  to  Phobos  assume 
the  need  for  a space  station  in  Earth 
orbit  to  assemble  and  fuel  the  Mars 
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ships.  But  NASA  planners — and  most 
other  experts— agree  that  a space  sta- 
tion of  some  kind  is  a crucial  step  on  the 
road  to  Mars.  It  would  provide  long- 
term operational  experience  in  space, 
and  perhaps  most  important  of  all,  a 
place  to  study  human  adaptation  to 
long-term  weightlessness. 

If  a Mars  ship  were  built,  fueled  and 
waiting  in  orbit  tomorrow,  we  probably 
wouldn’t  get  onboard.  The  reason? 
Uncertainties  about  the  crew’s  health 
and  performance.  NASA  biomedical 
experts  are  unwilling  to  commit  to  stays 
in  space  much  beyond  the  three- 
month  U.S.  record  established  by 
Skylab  astronauts  in  the  1970s. 


The  Soviets,  however,  are  more  expe- 
rienced at  long-term  spaceflight.  A 
dozen  cosmonauts  have  stayed  in 
space  for  six  months  at  a time — 
enough  for  some  one-way  sprint  trips 
to  Mars.  While  long-duration  crews 
generally  are  wobbly  for  the  first  few 
days  after  returning  to  Earth,  some 
have  shown  a remarkable  ability  to  re- 
adapt to  gravity.  Following  his  eight- 
month  orbital  stay  in  1984.  Oleg  Atkov 
told  Carl  Sagan  that  he  could  walk  “a 
thousand  steps  along  the  center  line  of 
a highway.”  The  12-month  record 
holders,  Vladimir  Titov  and  Moussa 
Manarov,  reportedly  were  able  to  walk 
unassisted  within  48  hours  of  their 
return  to  Earth  last  year,  due  to  a dili- 


gent muscle-toning  exercise  program 
in  space. 

Would  astronauts  simply  need  to  wait 
inside  their  Mars  lander  for  two  days 
before  stepping  out  onto  a world  where 
the  gravity  is  only  one-third  that  of 
Earth?  We  don’t  yet  know. 

This  human  “problem”  provides 
even  more  incentive  to  find  an  express 
route  to  Mars.  And  if  we’re  really  serious 
about  limiting  the  time  spent  in  zero-g 
flight,  we  should  probably  think  be- 
yond the  current  chemical-powered 
rockets  to  some  form  of  advanced  pro- 
pulsion, even  for  the  first  expedition. 

The  idea  of  “atomic  drive,”  as  the  sci- 
ence fiction  stories  used  to  call  it,  is  not 


new  In  1952,  Von  Braun  considered 
using  it  for  his  “Marsprojekt"  expedi- 
tion, but  decided  that  the  economical 
use  of  nuclear  power  for  rocket  propul- 
sion was  still  too  far  in  the  future.  More 
recently,  political  and  environmental 
issues  associated  with  nuclear  power 
have  banished  “atomic  drive”  from 
mainstream  thinking  about  missions  to 
Mars. 

Not  so  in  the  1960s,  however.  On  May 
25,  1961,  in  the  same  speech  that 
included  his  call  to  reach  the  Moon  by 
decade's  end,  John  F Kennedy  told 
Congress  of  plans  to  develop  a nuclear 
rocket  that  would  "give  promise  of 
some  day  providing  a means  for  even 
more  exciting  and  ambitious  explora- 


tion of  space."  Mars  missions 
designed  by  NASA  contractors  before 
1967  routinely  made  use  of  nuclear- 
powered  engines  for  some  part  of  the 
journey. 

Using  Kennedy’s  funds  and  drawing 
on  earlier  research  done  at  Los 
Alamos,  NASA  even  built  a working 
prototype  of  a Nuclear  Engine  for  Roc- 
ket Vehicle  Applications  (NERVA).  By 
1969,  a dozen  “breadboard”  test 
engines  had  been  successfully  fired. 
But  in  1972,  budget  cuts  forced  the 
space  agency  to  drop  all  its  plans  for 
interplanetary  travel,  and  NERVA  was 
left  without  a mission.  The  program  was 
scrapped. 

With  the  near  disaster  at  Three  Mile 
Island  and  the  growth  of  the  environ- 
mental movement  in  the  1970s, 
anything  nuclear  fell  out  of  favor.  By  the 
time  of  the  first  “Case  for  Mars”  confer- 
ence in  1981,  says  former  JPL  engineer 
Jim  French,  “we  consciously  decided 
not  to  consider  big  nuclear  engines, 
because  we  didn’t  figure  there  was  a 
snowball's  chance  in  hell  that  we'd  ever 
be  allowed  to  develop  them." 

Even  though  the  political  sensitivity 
question  is  far  from  settled,  NASA  is 
once  again  playing  with  the  idea  of 
nuclear  engines.  The  agency’s  Lewis 
Research  Center  in  Cleveland  is  now 
studying  a wide  range  of  advanced 
propulsion  concepts,  from  solar  sails 
| to  engines  that  would  burn  oxygen 
I combined  with  aluminum  mined  on  the 
| Moon.  Some  of  the  engineers  who 
5 worked  on  NERVA  in  the  1960s  have 
i even  been  called  in  for  workshop 
| meetings. 

% The  advantage  of  a NERVA-type 
o nuclear  engine — which  heats  up 
| hydrogen  to  high  exhaust  velocities  by 
running  it  through  a uranium  reactor — 
is  that  it's  about  twice  as  fuel-efficient 
as  ordinary  chemical  rockets.  For  a 
split/sprint  mission,  nuclear  engines 
might  not  shorten  the  trip  time;  they 
would  more  likely  be  used  to  reduce 
the  fuel  load,  and  therefore  the  weight 
and  cost  of  a Mars  flight. 

If  a NERVA-type  program  were 
started  up  today,  estimates  range  from 
five  to  ten  years  before  a working  vehi- 
cle could  be  produced.  Few  experts 
think  there  would  be  any  problem- 
other  than  political  — in  being  ready 
for  a Mars  flight  in  2003  or  2004. 

There  are  still  technical  issues  to  be 
addressed,  however.  The  crew  would 
need  to  be  shielded  or  kept  at  a dis- 
tance from  the  onboard  reactor,  and 
nuclear  rockets  aren’t  as  easy  to  start 
and  stop  as  more  conventional 
continued  on  page  61 


One  possible  “sp lit/sprint”  mission  sends  the  heavy  cargo  ship  ahead  to  Mars  on  a slow 
trajectory.  The  crew  follows  behind— taking  a faster  “sprint”  route— more  than 
a year  later. 
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Landing  on  Mars  is  one  thing.  Staying  is  another. 

By  Robert  M.  Powers 

Ben*  There 
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e have  fantasized  for  years 
about  that  moment  some- 
time near  the  dawn  of  the 
next  century  when  the  first 
ribbed  boot  drops  down 
before  the  TV  cameras  on  the  red  soil  of 
Mars, 

And  what  then? 

We  have  failed  so  far  to  realize  one  of 
the  most  precious  of  human  dreams:  to 
live  on  another  planet,  not  just  land  there 
and  leave  again.  The  most  interesting 
thing  about  our  "progress"  (if  we  can 
call  it  that)  toward  that  goal  is  that  the 
task  becomes  cheaper  and  safer  the 
more  we  think  about  it.  Knowing  that 
even  the  first  Mars  mission  will  be  a mas- 
sive. extremely  expensive  undertaking, 


experts  have  begun  to  think  imagina- 
tively looking  at  inexpensive  options  for 
staying  on  Mars  and  wringing  the  last 
drop  of  potential  from  the  computers. 

Nowhere  is  this  attitude  more  evident 
than  in  the  current  plans  for  setting  up 
permanent  bases,  even  cities,  on  the 
Red  Planet.  The  first  ingredient  in  the 
'‘new"  thinking  is  to  produce  rocket  fuel 
on  Mars  for  the  return  trip  to  Earth.  Cost 
savings  for  this  on-site  propellant  pro- 
duction would  be  enormous,  since  none 
of  the  fuel  to  get  back  has  to  be  pro- 
duced on  Earth  or  carried  all  the  way  to 
Mars. 

There  are  problems  with  the  concept, 
however:  it  has  to  work  perfectly  it 
requires  power  and  the  range  of  possi- 


ble rocket  fuels  is  limited  by  the  known 
Martian  resources.  Liquid  oxygen  and 
liquid  carbon  monoxide  top  the  list  of 
possible  propellants.  The  LOX/CG  com- 
bination is  readily  available  on  Mars  {just 
compress  the  atmosphere),  and  the 
technology  for  liquefying  the  fuels  and 
storing  them  is  already  well  known  They 
aren't  the  most  efficient  fuels,  but  in  the 
relatively  weak  Martian  gravity  their  per- 
formance might  compare  with  that  of 
more  conventional  Earthly  fuels. 

Using  industrial  processes  common 
on  Earth,  it  may  be  easier  to  manufac- 
ture a more  efficient  fuel  from  oxygen 
and  methane.  But  the  process  requires 
a great  deal  of  water— and  con- 
siderable effort  may  be  required  to  get 
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at  the  available  water  on  Mars.  Still,  the 
bottom  line  is  that  a small  plant  weighing 
only  a few  tons  and  using  a small 
nuclear  reactor  for  power  could  pro- 
duce 100  tons  of  fuel  while  consuming 
just  a few  hundred  pounds  of  raw  mate- 
rial a day 

In  1988,  the  University  of  Arizona/ 
NASA  Center  for  Utilization  of  Local 
Resources  was  established  by  the 
space  agency  as  one  of  nine  nationwide 
centers  looking  at  strategies  for  explor- 
ing the  Solar  System.  The  center  is  so 
new  that  no  one  has  yet  come  up  with  a 
satisfactory  acronym  for  the  place  (John 
Lewis,  the  science  principal  investigator 
says,  “It  always  comes  out  too  big  a 
mouthful  to  say  no  matter  how  you  cut 
it.") 

Last  year  Lewis’  center  received  half  a 
million  dollars  from  NASA;  funding 
increases  to  $1.2  million  in  1989,  then 
goes  as  high  as  $1.8  million  for  each  of 
the  three  years  following. 

"The  unusual  thing  about  the  study,” 
he  says,  "is  that  NASA,  unlike  their  usual 
practice,  did  not  specify  what  they 
wanted.  Instead,  they  let  the  universities 
write  their  own  proposals.  The  second 
thing  that  was  pretty  unusual  was  that 
the  proposals  did  not  have  to  have  'pay- 
off engineering’  right  away.” 

Not  all  of  the  center’s  work  deals 
exclusively  with  Mars.  "We  are  concen- 
trating on  three  major  areas,"  explains 
Lewis.  "The  first  is  the  Moon,  because 
there’s  a lot  of  work  we  can  do  on  the 
Moon,  and  all  of  it — or  at  least  a good 
part  of  it — can  have  applications  to 
other  bodies.”  The  Arizona  researchers 
also  will  -take  a look  at  using  resources 
on  the  smaller  bodies  of  the  Solar  Sys- 
tem, including  asteroids  and  the  Martian 
moons,  which  don’t  require  much 
energy  to  visit. 

"When  we  get  through  with  all  that,  we 
will  concentrate  on  the  problems  of 
resources  on  Mars,  hoping  that  we  know 
a little  more  from  the  Russian  mission  [to 
Phobos],  or  even  one  of  our  own  un- 
manned missions,”  says  Lewis. 

Lewis  believes  the  first  order  of  busi- 
ness for  Mars  is  to  study  methods  of  fuel 
production:  "For  example,  is  it  better  to 
get  water  from  the  atmosphere  or  from 
the  soil?  We  think  we  already  know  the 
answer  to  that  one— it  is  easier  to  melt 
ice  than  to  extract  water  from  a very  dry 
atmosphere.  But  more  study  won’t  hurt. 

“We  want  actually  to  develop  the  tech- 
nology of  propellant  extraction,  not  just 
talk  about  it,”  he  continues,  “because 
that's  the  road  to  Mars,  we  think.  Why  use 
the  space  shuttle  at  $6,000  a pound  to 
launch  stuff  we  could  manufacture  for  a 
few  cents  a pound  on  Mars?" 

Lewis  even  talks  about  establishing  a 
propellant  factory  on  Mars  before  the 
first  human  explorers  ever  leave  Earth. 


He  points  out  that  one  goal  of  the 
Arizona  center  is  to  find  a method  that 
would  allow  us  to  send  a small,  un- 
manned spacecraft  to  Mars,  and  have 
the  automated  laboratory  or  factory 
begin  producing  and  storing  the  fuel 
long  in  advance  of  the  main  mission. 
“Now  that"  Lewis  exclaims,  "would 
make  a mission  to  Mars  or  anywhere 
else  a real  possibility.” 

"The  costs  of  a Mars  mission  using  the 
automated  propellant  production  con- 
cept," he  continues,  “are  probably  a bit 
too  low  for  NASA.  They  like  things  big 
and  complex.  Still,  we’re  tremendously 
excited  by  what  we  think  we’re  going  to 
come  up  with.” 

After  the  economics  of  fuel  produc- 
tion are  mastered,  says  Lewis,  Martian 
settlers  could  turn  to  other  indigenous 
resources  to  decrease  their  reliance  on 
supplies  from  Earth.  He  notes  that  some 
new  ideas  have  surfaced  in  the  past 
few  years:  ferrous  metals  for  building 
construction  on  Mars  (the  planet  has 
plenty  of  iron — it's  rusty),  glass  bricks, 
concrete  and  various  ceramics  for 
construction. 

“Why  use  the  space  shuttle 
at  $6,000  a pound  to  launch 
stuff  we  could  manufacture  for 
a few  cents  a pound  on  Mars?” 
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“I  think  some  of  the  experimenting 
with  wet  concrete  on  lunar  samples  has 
been  pretty  dumb,”  Lewis  says.  "We’re 
looking  at  dry  concrete  bonding  proc- 
esses. On  Phobos  and  Deimos, 
assuming  their  compositions  are  what 
we  presently  think,  you  have  calcium 
carbonate.  If  you  bake  it,  you  can  get 
lime  and  water  for  concrete.  On  the  Mar- 
tian surface  you  have  permafrost,  at 
least  north  and  south  of  30  degrees 
latitude,  and  every  clay  mineral  known.” 
When  it  comes  to  living  off  the  Martian 
land,  Lewis  is  fond  of  pointing  out  that 
some  of  the  concepts  from  the  1950s 
were  a lot  closer  to  reality  than  those  of 
the  past  20  years.  “We  need,”  he  says, 
“to  look  back  at  some  of  those  ideas. 
So  much  of  the  newest  stuff  is  concen- 
trated on  propulsion  and  precursor 
missions,  and  the  Phobos-Deimos 
options,  that  we  are  only  now  getting 
serious  about  living  and  working  in  the 
Martian  environment.” 

For  example,  most  everyone  thinks 
iron  is  easy  to  come  by  on  Mars,  but  that 
doesn’t  mean  wrought-iron  patio  furni- 
ture will  be  de  rigueur  for  Martian  bases. 


“More  likely,”  says  Lewis,  “you  might 
have  furniture  of  ceramic  fibers — rods 
of  organic  polymer  matrix.  But  even  the 
ceramic  fiber  furniture  may  not  be  the 
way  to  go.  You  can  get  carbon  from  the 
atmosphere  and  make  carbon  fibers. 
And  that,  plus  hydrogen  from  water, 
can  produce  plastics  and  polymers 
eventually.” 

Martian  “cars” — or  at  least  air  trans- 
port— may  use  the  same  fuel  used  for 
the  flights  to  and  from  Earth.  It’s  fairly 
easy  to  imagine  an  internal  combustion 
engine  running  on  liquid  oxygen  and  liq- 
uid carbon  dioxide.  Taking  the  on-site 
fuel  plant  concept  a step  further,  that 
same  car  or  airplane  might  carry  a 100- 
pound  processor  that  "breathes”  in  the 
atmosphere  and  puts  out  fuel  for  the 
tanks  as  it  goes  along. 

"You  don’t  even  need  to  go  that  far,” 
says  Lewis. “There  have  been  several 
designs  for  a hydrogen  peroxide  engine 
of  sorts;  and  there  is  some  evidence, 
primarily  from  the  soil  experiments 
aboard  Viking,  that  hydrogen  peroxide 
on  Mars  probably  occurs  naturally.” 

The  Martian  "shopping  list"  doesn’t 
stop  with  the  ubiquitous  iron  and  water 
or  with  the  carbon  dioxide  atmosphere. 
We  are  fairly  certain,  for  example,  that 
there  is  sulfur  on  Mars.  Here  on  Earth,  we 
use  100  billion  pounds  of  sulfur  a year- 
in  explosives,  insecticides  and  fungi- 
cides, and  in  the  manufacture  of  acids, 
dyes,  detergents  and  steel. 

The  expected  abundance  of  sulfur  on 
Mars,  and  some  other  elements,  leads 
to  the  conclusion  that  phosphorous  is 
there,  as  well  as  zinc  and  lead.  Mag- 
nesium chloride  is  a possible  ingredient 
of  Martian  salts,  and  from  that  we  could 
make  pure  magnesium  metal,  which 
might  be  a useful  building  material  in  the 
weak  Martian  gravity. 

The  first  “city”  on  Mars  may  look  a bit 
like  a toy  construction  of  cylinders,  built 
mostly  underground.  It  will  have  some 
wonderful  advantages  over  a city  on 
Earth:  no  rain,  sleet  or  snow,  and 
regrettably  no  postman  to  defy  them 
(thanks  to  electronic  mail).  Neither 
floods  nor  mudslides  are  expected  in 
the  current  Martian  geological  era,  and 
Marsquakes  are  rare  and  not  strong, 
according  to  our  present  information. 
Natural  erosion  of  buildings  is  nil — if 
you  build  your  adobe  house  on  Mars 
using  magnesium  beams  for  the 
“vigas"  you  don’t  have  to  stucco  it— 
and  there  is  little  corrosion  of  metals. 

The  biggest  weather  problem  will  be 
Martian  dust  storms,  some  of  which  can 
be  pretty  fierce.  And  just  to  give  the 
scene  some  Earth-like  qualities  (under- 
neath the  slightly  disgusting  pink  sky), 
an  occasional  early  morning  frost  will 
rest  on  the  antennas  and  exposed  sur- 
continued  on  page  62 
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The  ultimate  in  home 

remodeling 

By  Alcestis  R.  Oberg 


D 


he  idea  of  terraforming— 
engineering  a planet  to 
sustain  human  life — has  a 
lineage  as  old  as  humanity 
itself.  The  first  terraformers 
were  cave  dwellers.  Finding  their  world 
too  cold,  they  deliberately  altered  the 
environment  to  suit  their  comfort  by 
building  fires.  Since  then,  we  human 
beings  have  been  tireless  planetary 
engineers— we  drain  swamps,  irrigate 
arid  places,  clear  jungles,  create  land 
fills  and  otherwise  rearrange  the  natural 
order  of  creation. 

It  used  to  be  that  the  notion  of  ter- 
raforming other  pieces  of  real  estate  in 
the  Solar  System  was  confined  to  the 
realm  of  science  fiction.  The  first  serious 
attempt  to  formulate  an  approach  to 
planetary  engineering  came  from 
Robert  MacElroy  and  Maurice  Averner, 
two  scientists  at  NASA S Ames  Research 
Center,  who  wrote  a technical  book  in 
1976  called  On  The  Habitability  of  Mars: 
An  Approach  to  Planetary  Ecosynthesis. 
In  the  last  ten  years  or  so,  a handful  of 
seminal  thinkers  has  taken  the  old  half- 
baked  ideas  and  realistically, 
systematically  put  them  up  against  our 
new  understanding  of  the  planets.  Ter- 
raforming is  no  longer  fantasy;  it’s  now 
discussed  seriously  in  the  context  of 
geophysics,  atmospheric  science, 
biology  and  even  ethics. 

Not  surprisingly,  Mars  has  the  greatest 


allure  for  would-be  terraformers.  It  isn’t 
completely  alien  like  the  outer  planets, 
and  it  already  has  a big  reservoir  of  use- 
ful resources — including  water,  trapped 
as  subsurface  frost  and  in  ice  caps  at 
the  Martian  poles.  Among  the  sugges- 
tions for  freeing  this  water  have  been  to 
use  enormous  orbiting  mirrors  to  melt 
the  icecaps,  or  to  sprinkle  black  carbon 
over  large  areas  of  the  planet  to 
increase  the  absorption  of  sunlight. 

In  New  Earths,  his  popular  book  on 
terraforming  published  in  1981,  author 
Jim  Oberg  theorized  that  additional 
water  could  be  imported  from  Saturn’s 
icy  outer  moons,  and  that  asteroids 
could  be  impacted  onto  the  Martian  sur- 
face to  create  warm  craters.  In  the  new 
Mars  oases,  existing  water  and  air  would 
gather  naturally  In  time  the  first  rain 
would  fall  on  a thirsty  planet,  the  scent  of 
dampness  would  fill  the  thin  air,  and  the 
first  rainbow  would  arch  in  the  sky. 

Oberg,  however,  is  an  aerospace 
engineer,  so  his  scenarios  are  domi- 
nated by  grand  technological  solutions 
to  planetary  problems.  In  the  decade 
since  the  first  scientific  meeting  on  ter- 
raforming was  held  in  1979,  people  from 
other  backgrounds  have  wondered  if 
manipulation  of  native  materials— 
rather  than  cosmic  engineering — 
wouldn’t  work  just  as  well. 

At  the  “Terraforming  II”  conference 
held  at  the  Lunar-Planetary  Institute  in 
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Houston  in  March  1987  Christopher 
McKay  of  NASAs  Ames  Research  Cen- 
ter jokingly  called  his  home-grown 
scenario  a "nickel  solution"  to  a Martian 
makeover,  as  compared  to  Oberg's  mil- 
lion-dollar  scheme.  “If  someone  wants 
to  bet  a million  dollars,  he’s  joking,” 
McKay  teased,  “But  if  someone  bets  you 
a nickel,  you  say,  Ah,  now  you’re 
serious.’” 

Assuming  that  we  want  to  give  Mars 
an  Earthlike  nitrogen-oxygen  atmo- 
sphere and  liquid  water  on  the  surface, 
says  McKay,  we’d  have  to  "melt  the 
water,  which  is  frozen,  get  oxygen  by 
breaking  up  the  carbon  dioxide,  and 
unlock  nitrogen,  which,  if  Mars  has  any, 
is  in  the  form  of  nitrate.'1 

According  to  McKay’s  calculations,  it 
would  take  an  enormous  amount  of 
power,  and  a little  patience:  If  we  could 
harness  almost  all  the  energy  that  falls 
on  the  Red  Planet,  it  would  take  200 
years  to  warm  its  climate  enough  to  get 
liquid  water. 

"That’s  the  easy  part,"  confesses 
McKay  "Creating  the  chemical  changes 
that  would  generate  the  atmosphere 
would  take  a couple  hundred  thousand 
years.”  He  suggests  that  we  could 
nudge  the  process  along  by  cheating 
just  a bit  and  adding  traces  of  four  so- 
called  "greenhouse”  gases.  "Everybody 
would  have  to  use  deodorant  [with  its 
fluorocarbon  propellants]  five  times  a 
day"  to  keep  the  greenhouse  effect 
moving  along,  McKay  jokes. 

The  gases  break  down  over  a few 
hundred  years,  so  he  recommends 
changing  the  "cocktail  of  gases"  from 
time  to  time  as  the  planet  changes.  Even 
then,  McKay  notes  that  the  numbers 
show  terraforming  Mars  is  still  "just 
slightly  impossible”  without  importing 
resources  from  somewhere  else. 

Richard  Vondrak  came  to  a separate 
but  similar  conclusion  about  the  Moon 
during  a NASA  conference  on  lunar 


bases  held  last  year  in  Houston.  Von- 
drak, now  a manager  at  Lockheed’s 
Space  Science  Laboratory,  began  his 
thinking  about  terraforming  as  a Rice 
University  graduate  student,  while 
studying  the  effects  of  Apollo  rocket 
exhaust  on  the  Moon’s  almost  nonexis- 
tent atmosphere. 

“The  primary  source  of  the  lunar 
atmosphere  is  the  solar  wind,"  says  Von- 
drak. “Other  possible  sources...  are 
materials  released  or  weathered  from 
the  lunar  surface,  or  gases  released 
from  the  interior.”  The  mere  presence  of 
human  life  on  the  Moon  during  each 
Apollo  landing — with  its  engine 
exhaust,  airlock  venting  and  even 
spacesuit  leakage — overwhelmed  the 
tenuous  local  lunar  atmosphere  “for 
about  a month,"  Vondrak  calculates, 
until  the  solar  wind  cleared  away  all 

“Probably  the  people  who  ter- 
raform Mars  will  be  the 
Martians  themselves,  the  peo- 
ple who  will  live  and  die  in  that 
environment.” 
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traces  of  the  visit  in  the  atmosphere. 

This  type  of  pollution  is  generally 
viewed  as  a problem  to  be  overcome, 
particularly  by  astronomers,  who  hope 
to  take  advantage  of  the  Moon’s  pristine 
skies  at  a future  lunar  base.  But  Vondrak 
figures  that  "if  someone  wanted  to  inten- 
tionally create  a lunar  atmosphere  and 
not  inadvertently  terraform  it  by  means 
of  pollution,  the  necessary  gases  could 
be  obtained  by  vaporization  of  the  lunar 
soil."  We’d  merely  have  to  blast  the  oxy- 


gen out  of  the  lunar  dirt — with  nuclear 
bombs.  Unfortunately,  it  would  require 
10,000  times  more  megatonnage  than 
the  current  U.S.  arsenal  now  holds. 

Importing  the  resources  from  else- 
where in  the  Solar  System  might  be 
cheaper.  Vondrak  calculates  that  a 
"cometary  nucleus  of  50  miles  radius 
could  be  used  to  supply  the  man-made 
atmosphere."  Trouble  is,  there  are  no 
comets  that  size  around — Halley’s 
Comet  was  only  20  miles  in  diameter— 
and  we  would  have  to  find  some  means 
of  conducting  a “round-up"  to  provide 
comets  in  sufficient  numbers. 

“It  would  be  easier  to  haul  over  an  ‘ice- 
teroid’  from  around  Saturn,”  says  Oberg, 
who  never  has  been  a fan  of  using  res- 
tless and  temperamental  comets  in  his 
terraforming  schemes.  "Comets  are  too 
small,  too  unpredictable — and  too 
beautiful.” 

Of  all  the  terrestrial  planets,  Venus 
would  present  the  greatest  challenge 
for  global  engineers.  It  also  has  the  least 
sympathy  among  planetary  environ- 
mentalists. Nobody  has  rushed  forward 
to  protect  Venus  from  the  terraformers’ 
bulldozer,  as  they  have  for  the  Moon  and 
Mars— probably  because  it  so  resem- 
bles our  own  mythical  concept  of  Hell. 

Even  the  most  determined  terrafor- 
mers agree  that  Venus  is  in  need  of 
intensive  care.  It’s  too  hot,  courtesy  of  a 
runaway  greenhouse  effect.  The  planet 
has  too  much  atmosphere  (carbon  diox- 
ide). too  little  water  and  a slow  rotation 
rate. 

During  the  first  terraforming  confer- 
ence in  1979,  planetologist  Steve  Welch 
suggested  that  the  sulfuric  acid  in 
Venus’  atmosphere  plugs  holes  that 
might  otherwise  be  vents  for  heat.  He'd 
start  his  makeover  of  Venus  with  "biolog- 
ical tools  to  remove  the  sulfuric  acid 
[which]  could  have  major  results  in  let- 
ting heat  leak  away  from  the  planet." 

Steve  Gillett,  a geologist  at  the  Univer- 


Is  There  Now,  or  Has 
There  Ever  Been... 

Life  on  Mars?  "I’m  'radically  neutral’  on 
the  subject,"  says  Penelope  Boston,  a 
former  NASA  scientist  now  in  Boulder, 
Colorado.  "But  to  have  life  on  Mars,  the 
atmosphere  would  have  to  be  recycled, 
and  there's  no  evidence  of  that." 

If  life  existed  under  the  surface,  there 
would  have  been  perfect  biological 
recycling  of  materials,  which  is  highly 
unlikely.  "We  might  find  fossils — or 
geochemical  traces  of  past  life,"  says 
Boston.  "But  there  has  been  lots  of  inter- 
vening cosmic  radiation  since  it  was 
around,  and  it  wouldn’t  be  on  the  sur- 
face. I'd  look  below  ancient  lakebeds." 


There  would  be  no  way  to  resurrect  life, 
however,  even  if  you  could  reproduce 
the  exact  condition  of  Mars  when  it  was 
alive.  "If  it’s  dead,  it’s  dead.”  says  Boston, 
“unless  there  are  pockets  of  extant 
refugees  somewhere.” 

Soviet  scientists  are  still  excited  about 
finding  life  on  Mars  and  seem  uncon- 
vinced by  the  data  returned  by  NASAs 
Viking  landers  in  1976.  Even  many  Amer- 
ican scientists  agree  that  the  Viking  life- 
search  results  were  unsatisfactory.  Bos- 
ton thinks  that  “we  picked  the  wrong 
experiments  and  did  them  in  the  wrong 
place."  Viking  should  have  looked  for 
growth,  and  probably  should  have 
landed  at  the  poles. 

Though  environmentalists  don't  enjoy 


the  prospect  of  humans  importing 
asteroids  and  seeding  the  Martian  sur- 
face with  bacteria,  Boston  and  most 
terraformers  see  the  endeavor  as  an 
expression  of  life,  a product  of  intelli- 
gence. "I  value  life,  and  living  things,” 
says  Boston.  "A  planet  with  a biosphere 
is  a lot  more  valuable  than  one  without  it. 

"Probably  the  people  who  terraform 
Mars  will  be  the  Martians  themselves, 
the  people  who  will  live  and  die  in  that 
environment,  and  will  have  some 
societal  mandate  to  do  it,"  Boston  con- 
tinues. "It  will  be  an  outgrowth  of  their 
survival.  The  people  who  will  do  it  will  be 
strong,  because  of  a kind  of  natural 
selection  process  for  human  character 
that  occurs  in  a New  World.” 
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sity  of  Nevada,  attacks  the  problem  by 
rehabilitating  the  atmosphere  first.  “The 
key  to  Venus  is  Mercury/'  he  said  at  the 
1987  conference.  Gillett  would  use  self- 
replicating  robots  to  mine  and  refine 
Mercury’s  calcium  and  magnesium  into 
pure  ingots,  which  would  be  fired  toward 
Venus  by  mass  drivers.  Magnesium  and 
calcium  are  the  oxygen-scavengers  of 
the  periodic  table;  they  could  shear  off 
the  overabundant  oxygen  from  the  car- 
bon dioxide  atmosphere  and  begin  to 
create  a more  chemically  useful 
biosphere. 

The  bottom  line  is  energy,  though.  Gil- 
lett estimates  that  the  total  power 
involved  in  this  operation  equals  about 
as  much  solar  energy  as  Mercury 
receives  in  three  years.  “It's  not  totally 
preposterous,”  he  admits,  “but  almost 
totally  preposterous.” 

Despite  all  the  ideas  for  altering  a 
planet  physically,  the  current  thinking 
among  terraformers  is  that  water  and  a 
primitive  atmosphere  are  not  enough. 
The  key  factor  in  whether  planets  flour- 
ish or  fizzle  may  be  the  presence  of  life 
itself. 

Early  microbial  life  probably  played  a 
crucial  part  in  the  creation  of  Earth’s 
biosphere.  If  it  is  even  partially  true,  as 
some  theorists  have  proposed,  that 
lifeforms  regulate  and  maintain  the  bios- 
phere within  the  narrow  range  of 
temperature  and  atmosphere  suitable  to 
themselves,  life  would  have  to  be 
seeded  on  Mars  in  order  to  keep  it  from 
teetering  back  into  static  lifelessness. 

In  Colorado  researcher  Penelope 
Boston’s  scheme,  terraforming  would  be 
done  planet-wide,  not  just  in  oases  or 
“dimples."  Bacteria  that  don’t  require 
oxygen  could  start  to  “process”  a proto- 
biosphere in  semi-protected  areas  on 
Mars — cracks  and  crevices  on  the  sur- 
face, at  the  poles,  or  even  under  the 
surface.  They  would  “find  their  own  way 
and  evolve  while  they  were  creating  an 
atmosphere,”  says  Boston.  “Organisms 
could  be  specially  developed  through 
genetic  engineering,  or  several  organ- 
isms could  work  together  that  have 
desirable  properties." 

Because  Mars  has  no  magnetic  fields, 
it  receives  much  more  solar  radiation 
than  does  Earth.  “There  would  be 
strong  evolutionary  pressure  to  select 
organisms  that  are  immune  to  the 
effects  of  radiation,  or  which  change  in 
some  positive  way,”  says  Boston.  “Cer- 
tainly there  would  be  some  mutation.” 

Boston  notes  that  human  reproduc- 
tive systems  are  very  susceptible,  so 
even  on  a terraformed  Mars  we  might 
not  be  as  free-ranging  as  on  Earth. 
Martian  settlers  may  have  to  spend  a 
good  part  of  their  time  in  radiation- 
protected  abodes,  “no  matter  how 
good  the  biosphere  is."  They’d  have  to 


look  after  food  crops  with  care,  and 
make  sure  the  seed  stock  in  certain 
crops  is  shielded  from  radiation. 

Canadian  biologist  Robert  Haynes 
argues  that  it  might  be  more  feasible  to 
stop  short  of  total  terraforming  than  to 
go  for  an  “in  Earth’s  image  or  bust” 
scenario.  The  fabrication  of  a sustain- 
able ecosystem  on  a currently  lifeless, 
sterile  planet,  he  suggests,  may  estab- 
lish “a  new  arena  in  which  biological 
evolution  ultimately  might  proceed 
independent  of  further  human  husban- 
dry.” Fostering  an  environment  on  Mars 
that  might  nurture  the  growth  of  any 
biota,  however  exotic  and  strange, 
might  be  more  within  reach  than  true 
terraforming. 

Just  about  everyone  agrees  that 
Mars  won’t  be  turned  into  another  Earth 
anytime  soon.  Time  scales  for  the 
planet’s  chemical  and  biological  trans- 
formation run  into  the  hundreds  of 
thousands  of  years — not  long  in 
geological  time,  but  almost  unimagin- 
able to  the  short-lived  humans  who 
would  have  to  make  it  happen.  Small 
oases  could  be  created  much  sooner, 
though  they  would  still  be  lengthy  proj- 
ects, along  the  lines  of  cathedral  and 
pyramid  building. 

So  why  bother  to  think  about  ter- 
raforming at  all?  Some  theorists  say  it’s 
the  intellectual  challenge.  “Com- 
parative planetology  forces  scientists 
to  rethink  things  they  learned  by  rote,” 
explains  Penelope  Boston.  “It’s 


intensely  interdisciplinary,  too.” 

Most  important,  it  forces  us  to  come 
to  grips  with  how  Earth's  biosphere 
works.  We  still  don't  know  how  small  a 
stable  ecosystem  can  be  and  still  func- 
tion—whether  it’s  a jar  of  algae  and 
shrimp  or  a whole  planet. 

To  Jim  Oberg,  it’s  even  more  urgent 
than  that.  “Mother  Nature  was  a bitch  to 
most  of  the  species  that  ever  inhabited 
this  planet,"  he  said.  “Either  well  have 
to  become  masters  of  planetary  engin- 
eering or  victims  of  natural  change. 
There  are  only  two  kinds  of  creatures 
that  have  inhabited  this  planet:  those 
that  are  extinct  and  those  that  are 
going  to  be.” 

In  1988,  the  greenhouse  effect  and 
the  depletion  of  ozone  in  Earth's  atmo- 
sphere were  the  subject  of  newspaper 
headlines,  not  obscure  doctoral  dis- 
sertations. Global  habitability  moved 
out  of  scientific  journals  and  into  the 
nightly  news.  Not  coincidentally,  ter- 
raforming found  its  way  into  New  York 
Times  editorials,  and  even  into 
speeches  by  NASA  Administrator 
James  Fletcher.  The  once-radical  idea 
that  terraforming  is  possible  all  of  a 
sudden  didn't  seem  so  far-fetched  any- 
more. □ 

Alcestis  Oberg  is  a frequent  writer  on 
space  and  the  co-author  of  Pioneering 
Space:  Living  on  the  Next  Frontier.  Her 
article  on  the  astronaut  class  of  1978 
appeared  in  our  October  1988  issue . 
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China's  entry  into  the  commercial  space  arena 
is  making  Western  launch  companies  plenty  nervous. 

By  Thomas  O'Toole 
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It's  surrounded  by  soaring  green 
mountains,  reached  only  by  twelve- 
hour  trains  or  twice-a-week  air- 
planes from  the  provincial  capital  of 
Chengdu.  But  the  tiny  town  of 
Xichang,  in  a corner  of  China's  remote 
Sichuan  Province  175  miles  east  of 
Burma,  is  about  to  make  news  all  over 
the  world. 

Never  mind  that  the  women  of 
Xichang  still  do  the  family  laundry  in 
mountain  streams,  that  their  children  still 
play  barefoot  outside  houses  baked  in 
mud,  or  that  water  buf- 
falo still  pull  wooden 
plows  through  Xichang’s 
timeless  rice  paddies. 

Xichang  is  about  to  be 
launched  into  the  high- 
tech  and  competitive 
world  of  the  late  20th 
Century 

“Launched"  is  the 
operative  verb  in  this 
case.  Xtchang  will  soon 
become  the  Cape  Ca- 
naveral of  the  People's 
Republic  of  China,  as 
soon  as  China  and  the 
United  States  hammer 
out  the  final  details  of 
their  historic  agreement 
allowing  Chinese  rock- 
ets to  carry  commercial 
satellites  made  In  the 
USA  into  orbit. 

Chinese  rockets 
departing  a Chinese 
launch  base  with  Ameri- 
can satellites.  All  for  profit.  It  may  mystify 
people  who  haven't  kept  up  with  the 
behind-the-scenes  negotiations  over 
the  last  few  years,  but  the  agreement  is 
very  real.  After  months  of  talks  between 
the  People’s  Republic  and  the  adminis- 
tration of  former  President  Ronald 
Reagan,  it  even  earned  Reagan's  per- 
sonal stamp  of  approval  last  year. 

It  all  began  when  the  Chinese  realized 
their  first  rocketport,  located  in  the  Gobi 
Desert  at  Jiuquan,  was  too  far  north; 
they  were  wasting  rocket  fuel  getting 
payloads  into  orbit  without  help  from 
Earth's  faster  spin  nearer  to  the  equator 


The  government  decided  to  open  a sec- 
ond spaceport  at  Xichang,  which  lies  at 
28  degrees  North— about  as  close  to 
the  equator  as  China  gets  (Cape  Canav- 
eral is  29  degrees  North). 

Chinas  Long  March  launch  vehicle 
also  was  building  an  enviable  record: 
just  one  failure  in  16  flights,  with  four 
straight  successful  launches  out  of  the 
new  Xichang  site,  starting  early  in  1986. 
In  the  meantime,  the  disastrous  and 
expensive  explosion  of  the  space  shut- 
tle Challenger  forced  the  shuttle  out  of 
the  business  of  carrying 
commercial  communi- 
cations and  navigation 
satellites  into  Earth  orbit. 

Enter  the  Peoples 
Republic  of  China,  newly 
capitalistic,  newly  suc- 
cessful in  the  launch 
trade  and  eager  to  earn 
hard  Western  currency. 
China  began  talks  very 
quickly  with  two  neigh- 
boring owners  of 
communications  satel- 
lites, who  just  happened 
to  be  shopping  for 
launch  services.  The 
Asiasat  consortium, 
based  in  Hong  Kong 
and  financed  in  Great 
Britain,  signed  up  for  a 
single  launch  An  Austra- 
lian group  calling  itself 
Aussat  booked  another 
pair  of  satellites. 

Both  organizations 
received  cut-rate  price  offers  from  the 
Chinese.  AsiaSat  was  given  a price  of 
$30  million  for  its  single  launch,  and 
Aussat  was  charged  the  same  amount 
for  two  launches  Even  at  the  higher 
price,  it  was  at  least  $60  million  less  than 
the  U S.  “Big  Three"  companies  (Gen- 
eral Dynamics,  Martin  Marietta  and 
McDonnell  Douglas)  were  asking  for  a 
slot  on  one  of  their  newly  commer- 
dalized  launchers,  and  about  $30 
million  less  than  Europe's  Arranespace 
was  quoting. 

Australia  gave  a simple  explanation 
for  going  with  the  Chinese. M We're  a 


China's  tang  March  offers 
low  faros,  but  some  restric* 
t ions  apply. 
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country  with  a huge  external  debt  in 
terms  of  our  balance  of  payments . * and 
about  a two-to-one  trade  deficit  with  the 
Un  ited  States/'  the  Australian  Embassy  's 
John  McCarthy  said  in  a public  forum  in 
Washington  not  long  ago.  “We  stand  to 
save  up  to  $80  million  U S,  dollars 
through  this  agreement  with  China, 
which  makes  this  deal  extremely  impor- 
tant in  terms  of  the  Australian  national 
interest/1  The  people  at  AsiaSat  gave  a 
similar  explanation  when  they  agreed  to 
the  Chinese  launch  terms,  “It's  an  offer/' 
one  AsiaSat  representative  said,  'Lthats 
very  hard  to  refuse/' 

Hard  to  refuse  or  not.  the  two  agree- 
ments raised  red  flags  across  America. 
The  three  satellites  in  question  were 
either  built  or  scheduled  to  be  built  in 
the  United  States,  which  meant  that 
American  high  technology  could  be 
compromised  by  a Chinese  launch. 
The  AsiaSat  satellite  is  the  old 
Westar-6,  which  originally  belonged  to 
Western  Union,  it  was  stranded  in  space 
following  a malfunction  after  launch 
from  the  space  shuttle’s  cargo  bay  in 
1984.  then  was  rescued  and  returned  to 
Earth  later  that  year  by  another  shuttle 
crew.  Western  Union  spruced  up  the 
salvaged  spacecraft  and  sold  it  to 
AsiaSat 

'The  recovered  Westar-6  will  be 
shared  by  a number  of  Asian  countries, 
including  China,  Pakistan,  Thailand  and 
Korea/’  said  Steven  Levy  a Washington 
attorney  who  represents  AsiaSat  in  the 
United  States.  "We  looked  at  Westar-6 
as  an  expedient  to  accomplish  a com- 
munications business  purpose,  and  we 
looked  at  the  Long  March  in  the  same 
way/1 

But  U.S.  rocket  companies  saw 
China’s  discount  pricing  as  an  all-out 
assault  on  international  fair  trade,  sub- 
sidized by  the  Chinese  government  and 
a labor  force  whose  workers  earn  an 
average  of  $75  a month.  China  claimed 
its  low  launch  price  was  no  more  than  an 


“if  we  were  to  turn  these 
licenses  down”  said  the  State 
Department’s  Eugene  McAllis- 
ter, “I  don’t  think  anybody 
would  think  that  the  Chinese 
still  aren’t  going  to  try  and 
enter  this  market/’ 
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When  astronauts  Joe  Allen  and  Dale 
Gardner  made  this  offer  in  19&4*  few 
would  have  guessed  that  one  of  the 
satellites  they  retrieved  would  be 
relaunched  on  a Chinese  booster 


“introductory,  promotional'’  price  to  win 
its  first  customers.  Still,  American  com- 
panies worried  that  the  introductory 
prices  would  become  permanent. 

’These  are  very  significant  price 
differences/1  said  Dennis  Dunbar,  vice 
president  and  managing  director  of 
General  Dynamics’  commercial  launch 
services  division.  If  China  were  allowed 
to  offer  the  same  low  rate  to  all  its  cus- 
tomers, he  argued,  “market  disruption  is 
sure  to  follow.  The  Western  launch 
industry  prices  a launch  on  the  basis  of 
pounds  into  orbit.  I would  hope  the  Chin- 
ese would  follow  that  pattern  of  pricing/1 

China's  bargain-basement  rates 
weren't  the  only  concern  of  U.S,  rocket 
manufacturers.  China  was  claiming  it 
could  launch  ten  Long  March  vehicles  a 
year;  If  all  of  these  were  paying  flights, 
China  would  soon  have  half  the  world’s 
commercial  launch  market,  That’s  unac- 
ceptable to  the  U.  S.  industry,  which  sees 
China  as  a johnny-eome-lately  to  a busi- 
ness already  crowded  with  competition 
“With  the  number  of  players  in  this  busi- 
ness, four  Chinese  launches  a year  is 
probably  too  much  and  would  be  very 
disruptive,"  said  Dunbar. 

If  it  had  chosen  to,  the  United  States 
could  have  vetoed  China's  entry  into 
the  world  launch  market  Because  the 
satellites  China  plans  to  launch  were  all 
made  in  America,  they  are  covered  by 
American  laws  of  technology  transfer. 
Not  only  did  the  Pentagon  and  State 
Department  have  a say  in  licensing  the 
export  of  the  three  satellites  to  China, 
so  did  the  Transportation  and  Com- 
merce Departments  At  first  there  was  a 
tug  of  war  The  State  Department  and 
Commerce  both  wanted  to  grant  the 
licenses.  The  Pentagon  sat  in  the  mid- 
dle, demanding  strict  constraints  on 
Chinese  handling  of  the  satellites,  The 
Department  of  Transportation,  which 
supports  the  fledgling  U S.  commer- 
cial launch  industry,  was  against  it, 
arguing  that  the  licenses  would  give 


Have  Rocket,  Will  Ride 

Until  the  shuttle  Discovery  lifted  off 
late  last  year,  the  1988  record  of  space 
launches  was  written  mostly  on  foreign 
ledgers,  Hans  Hoffman,  a lanky  53- 
year-old  German  aeronautical  engineer, 
will  do  what  he  can  to  see  that  trend 
continue. 

Hoffman  heads  Intospace  GmbH,  a 
European  consortium  of  aerospace, 
chemical  and  conglomerate  companies 
dedicated  to  spurring  research,  devel- 
opment and  commercial  production  of 
products  in  space.  Last  August,  after 
only  an  eight-month  launch  campaign, 
the  group  orbited  a box  containing  104 
protein  crystal  samples  aboard  a Ldmg 


March  2 rocket,  a smaller  and  less  capa- 
ble version  of  the  vehicle  China  is  selling 
as  a commercial  satellite  launcher, 

Intospace  offers  several  other  oppor- 
tunities for  researchers  who  want  to  see 
what  effect  the  low  gravity  of  space  has 
on  certain  materials.  Hoffman  believes 
all  the  average  researcher  cares  about 
is  results— not  the  nationality  of  the 
vehicle  or  other  means  used  to  obtain 
those  results. 

For  the  Long  March  flight,  he  and 
other  Intospace  officials  picked  up  sam- 
ples in  the  labs  of  participating 
researchers,  integrated  them  into  their 
"Gosima"  experiment  facility,  trans- 
ported them  to  China,  flew  them  on  the 
rocket,  then  returned  the  samples  to  the 


labs.  Usually  a great  fan  of  the  U.S. 
space  program,  Hoffman  has  criticized 
American  reluctance  to  give  foreigners 
equal  access  to  flight  opportunities. 

"Compare  that  now  with  the  Russians 
or  with  the  Chinese.  They  have  no  re- 
strictions. We  have  money,  they  want 
business.  They  don’t  ask  if  your 
passport  is  American  or  German;  they 
really  don’t  care.  The  attitude  in  how  you 
treat  the  users  is  the  main  thing,  and  in 
this  I can  say  that  the  Chinese  have 
treated  us  like  kings/1 

Despite  the  fact  that  some  Cosima 
crystals  were  damaged  on  reentry 
Intospace  will  fly  another  experiment 
with  the  Chinese  this  August. 

— Melinda  Gipson 
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China  entry  and  an  unfair  edge  in  one 
of  the  few  international  high-tech  mar- 
kets where  the  United  States  still  had  a 
major  share. 

Nevertheless,  an  outgoing  President 
Reagan  said  yes  to  the  export  licenses. 
Strict  controls  were  agreed  to  during 
shipment,  and  even  stricter  controls 
are  to  be  imposed  when  the  satellites 
reach  China,  are  moved  to  Xichang 
and  are  mounted  on  top  of  the  Long 
March  launch  vehicles. 

American  diplomats  and  the  U.S. 
launch  industry  won  even  greater  con- 
cessions from  the  Chinese.  China 
agreed  to  launch  no  more  than  nine 
international  communications  satel- 
lites through  1994 —an  average  of  1.5  a 
year— and  to  keep  launch  prices  on  a 
par  with  the  world  market.  The  Chinese 
also  agreed  to  require  its  launch  mar- 
keting organization,  the  Great  Wall 
Industry  Corp,,  "to  offer  services, 
including  insurance  and  reflight 
guarantees... on  a par  with  those 
offered"  by  the  rest  of  the  worldwide 
launch  industry. 

The  United  States  has  approved  the 
three  export  licenses,  pending  final 
signing  of  the  t rade  agreement  to  cover 
the  Chinese  launch  services.  There 
was  a good  deal  of  diplomatic  realism 


Chinese  rockets  departing 
a Chinese  launch  base 
with  American  satellites. 

All  for  profit.  It  may  mystify 
people  who  haven’t  kept  up 
with  the  negotiations,  but  the 
agreement  is  very  real. 
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involved  in  the  decision.  “If  we  were  to 
turn  these  licenses  down.”  said  the 
State  Department’s  Eugene  McAllister 
before  the  agreement  was  reached  in 
late  December,  “I  don't  think  anybody 
would  think  that  the  Chinese  weren't 
going  to  try  and  enter  this  market”  on 
their  own. 

That  was  the  bottom  line.  China  has 
the  Long  March  launch  vehicle,  a suc- 
cess rate  that  so  far  is  the  equal  of  what 
the  Americans  and  Europeans  have 
accomplished,  and  a willingness  to 
accommodate  customers.  The  Chin- 


ese have  signed  on  to  launch  a 
Swedish  satellite  in  the  next  year  or 
so,  and  are  expected  to  bid  on  the 
launch  of  a new  Intelsat  satellite  and 
a broadcast  satellite  soon  to  be  built 
for  a group  of  American  television 
evangelists. 

The  newcomers  don’t  have  every- 
thing going  their  way.  The  Long  March 
still  lacks  the  navigational  accuracy  of 
Europe's  Ariane  or  America’s  Atlas. 
Titan  or  Delta  launch  vehicles;  Long 
March  users  have  to  store  extra  maneu- 
vering fuel  on  their  satellites,  at  a cost 
of  about  $10  million  and  nine  months  of 
orbital  lifetime.  And  the  Chinese  face 
another  competitor  in  the  years  ahead. 
Japan  already  has  announced  it  will 
enter  the  commercial  launch  business 
in  1992,  and  Brazil  is  making  noises 
about  following  Japan  before  the  turn 
of  the  century 

But  with  an  agreement  to  launch 
American- built  satellites  already  in 
hand,  and  the  launch  of  AsiaSat  on  their 
calendar  for  next  year,  the  Chinese  now 
consider  space  a matter  of  serious 
business.  □ 

Thomas  O'Toole  is  a Washington  free- 
lance writer  and  national  editor  of 
AmericaWeek  electronic  newsmagazine. 
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A FIGHT  FOR 


hen  space  station 
boss  Janies  Odom 
sees  the  Capitol 
building  looming 
outside  his  window 
at  NASA  headquar- 
ters, he  sees  a hard 
sell.  With  lawmak- 
ers promising  to 
get  serious  about 
the  federal  deficit, 
he  must  somehow 
snatch  $21  billion 
— more  than  twice 
the  money  his  pro- 
gram received  last  year— from  a kitty 
that  won't  fatten. 

What  Odom  is  selling  is  a home  away 
from  home  for  the  space  shuttle.  But  his 
color  glossies,  which  will  wind  up  on 
the  desk  of  every  space-voting  mem- 
ber in  Congress,  right  now  are  only 
drawings  of  tubes  with  Unkertoy  arms; 
metal  for  the  real  space  station  Free- 
dom won't  be  bent  for  years.  You  want 
impact?  Smoke  and  flame,  a photo- 
graphic bang  for  the  buck?  The  shuttle 
folks  are  down  the  hall. 

Odom  knows  that  this  year,  his  first  as 
NASA's  Associate  Administrator  for 
Space  Station,  will  be  pivotal  “We've 
got  to  decide  once  and  for  all  whether 
we  want  a space  station,”  he  says  in  a 
friendly  Alabama  drawl  aged  over  29 
years  at  Huntsville's  Marshall  Space 
Flight  Center  I'm  not  just  worried  that 
well  drop  the  ball  Cm  worried  we  ll  put  it 
down  and  walk  away  " 

The  fear  isn't  so  much  that  Congress 
will  abandon  its  investment — not  after 
four  years  and  $15  billion  already 
spent.  Rather,  the  budget-conscious 
legislators  could  pinch  pennies  to  the 
point  that  the  station's  schedule  gets 
stretched  and  costs  become  astrono- 
mical Already  the  $28  billion  estimate 
is  three  times  the  starting  figure. 

When  NASA  was  developing  the 
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NASA's  "next  logical  step"  faces  a giant  hurdle  this  year,  not  in  space,  but  on  Capitol  Hill. 
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shuttle  in  the  1970s,  it  hoped  the  vehi- 
cle could  eventually  go  to  an  outpost  in 
space.  But  cost  overruns  in  the  shuttle 
program  nixed  that  idea  right  away. 
Station  planners  had  to  wait  until  the 
shuttle  became  operational  in  the 
1980s  before  they  could  hope  to  latch 
on  to  the  big  bucks. 

Now  that  money  is  finally  going 
toward  the  station  project,  promoters 
tout  it  as  everything  from  a science  lab- 
oratory to  a steppingstone  for  Moon 
bases  or  human  trips  to  Mars.  Thou- 
sands of  contracted  scientists  and 
engineers  are  toiling  to  make  the 
dream  NASA  calls  "The  Next  Logical 
Step"  a reality  by  the  late  1990s. 

The  stakes  are  high.  The  station  is 
"absolutely  vital"  to  further  ventures  in 
space,  say  officials  in  NASA’s  Office  of 
Exploration,  set  up  in  1987  on  the 
advice  of  former  astronaut  Sally  Ride. 
The  office's  first  report  concludes  that  a 
human  mission  to  Mars,  for  example, 
can  be  attempted  only  after  astronauts 
get  used  to  long  stays  in  space— 
presumably  onboard  a station. 

International  partners  Japan, 
Canada  and  the  13-nation  European 
Space  Agency  are  planning  their  own 
technology  to  put  onboard,  having 
signed  an  agreement  last  September 
on  the  day  Discovery  returned  America 
to  space.  Japan  and  ESA  will  bring  lab 
modules,  and  Canada  will  provide  a 
robot  arm  similar  to  the  shuttle’s.  Each 
is  moving  ahead  on  a piloted  space 
program  and,  experts  believe,  all 
intend  someday  to  occupy  a station, 
whether  America  is  there  or  not. 

Plans  call  for  NASA  to  decide  on  a 
design  for  Freedom  in  1991.  start  build- 
ing hardware  the  next  year,  and  send 
the  first  piece  up  on  the  shuttle  in  early 
1995.  That  would  just  about  make  the 
10-year  deadline  that  President 
Reagan  laid  out  in  his  State  of  the  Union 
message  in  1984.  But  it  assumes  that 
Congress  will  approve  nearly  all  the 
station  money  this  year,  won’t  chip  away 
too  much  at  billion-dollar  requests  to 
follow,  and  isn’t  pestered  by  more  cost 
overruns  from  the  shuttle. 

The  problem  for  the  station,  and  for 
NASA  as  a whole,  lies  in  how  agency 
budgets  get  dished  out  from  the  fed- 
eral pie.  It  has  little  to  do  with  whether  a 
lawmaker  feels  good  about  space  or 
whether  program  managers  can  stuff 
the  prettiest  photo  in  the  Capitol  Hill 
mailbag. 

When  NASA  gets  burned  on  the 
budget,  it’s  usually  because  of  the 
company  it  keeps.  Since  it  is  an  inde- 
pendent agency,  with  funding 
stamped  "discretionary,"  NASA’s 
money  is  appropriated  by  the  same 
subcommittee  that  oversees  a host  of 
diverse  social  programs  like  housing, 


veterans  affairs  and  the  environment. 
The  perception,  right  or  not,  that  social 
interests  went  hat-in-hand  during  the 
Reagan  years  while  high-tech  was  well 
fed  caused  trouble  in  Congressional 
districts  back  home.  No  more,  say  con- 
gressional staffers.  There’s  only  so 
much  money  to  go  around,  and,  as 
everyone  knows,  there  are  no  con- 
stituents in  space. 

Last  year,  NASA  Administrator  James 
Fletcher  twisted  enough  arms  in  Con- 
gress with  his  "make  or  break" 
speeches  to  wring  a 19  percent  fund- 
ing increase— a total  of  $10.7  billion  — 
for  the  space  agency.  It  took  tough  bar- 
gaining, and  shrewd  maneuvers,  to 
secure  $900  million  of  the  station’s 
$967  million  request.  Late  in  the 
budget  debate,  NASA  and  Reagan 
christened  the  station  "Freedom,"  a 
master  stroke  that  left  pundits  wonder- 
ing how  anyone  could  vote  against 
that.  (NASA’s  ears  had  perked  up 
early  on,  when  some  congressmen 
grumbled  that  the  generic  term  made  it 
sound  like  good  money  was  going 

T here’s  only  so  much  money 
to  go  around,  and,  as 
everyone  knows,  there  are  no 
constituents  in  space. 
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toward  “an  orbiting  gas  pump.") 

But  patriotic  appeals  may  not  be 
enough  for  a big-ticket  item  like  the  sta- 
tion this  year.  President  Bush,  who 
expressed  support  for  the  project  dur- 
ing last  fall’s  campaign,  is  up  against 
lawmakers  ready  to  divert  dollars  to 
neglected  programs  while  sticking  to 
the  budget-balancing  provisions  of 
Gramm-Rudman.  NASA’s  scouting 
report  on  the  101st  Congress  turns  up 
several  key  new  players  it  will  be  watch- 
ing closely  in  the  budget  debate  this 
spring. 

One  is  Rep.  Bob  Traxler,  a Michigan 
Democrat,  who  takes  over  from  retired 
Rep.  Edward  Boland  (D-Mass.)  as 
head  of  NASA’s  budget  subcommittee 
in  the  House.  Traxler  predicts  the 
budgets  will  be  painful  for  agencies 
under  his  care. 

“When  I took  this  job,”  he  says,  "I  told 
Eddie  [Boland]  that  with  all  the  pro- 
grams wanting  more  money,  I’d  be 
going  to  the  cash  register— and  it’s 
empty.  He  said  ‘That’s  why  I’m  leaving.' 
This  is  going  to  be  the  most  difficult 
year  that  the  Congress  and  the  pres- 
ident have  ever  faced.  The  fun  is  over. 


There's  no  more  fat  to  cut.  We're  down 
to  amputating  limbs." 

Traxler  rattles  off  past  casualties  in 
the  independent  agencies  budget: 
crumbling  veterans  hospitals,  overdue 
housing  contracts,  polluted  air  and 
water.  Toss  in  money  to  start  the  newly 
approved  superconducting  supercol- 
lider for  nuclear  physics  research,  and 
"it’s  terrible  choices  you  have  to  make. 
NASA  deserves  our  attention.  It’s  a 
valuable  agency  that  plays  an  impor- 
tant role  in  high-tech  areas  and  creates 
a sense  of  national  pride.  But  if  you  cut 
the  veterans  to  fund  the  space  station, 
they’re  just  going  to  show  up  some- 
where else,  in  a different  area  of  the 
budget." 

Traxler  guesses  his  subcommittee 
will  need  an  extra  $34.5  billion  just  to 
fund  all  the  agencies  adequately,  with 
no  big  program  increases.  He  has  no 
idea  where  the  money  will  come  from. 

Maryland  Democrat  Barbara  Mikul- 
ski  faces  the  same  problem  chairing 
the  Senate  budget  panel  that  oversees 
the  space  program.  Mikulski  vigorously 
supports  housing  and  the  environ- 
ment, but  has  reason  to  back  the  space 
station  as  well.  Her  state  boasts  the 
Goddard  Space  Flight  Center  in 
Greenbelt,  one  of  four  prime  work  sites 
assigned  to  the  Freedom  project. 

Staffers  point  out  that  Mikulski,  who 
replaces  retiring  Wisconsin  senator 
William  Proxmire,  voted  with  the  station 
last  year  when  NASA  backers  yanked 
funds  from  the  Defense  Department’s 
budget  and  gave  it  to  Freedom. 
Mikulski  later  voted  on  NASA’s  side  in 
the  final  tally  for  the  agency’s  budget. 

NASA’s  read  on  both  Mikulski  and 
Traxler  as  subcommittee  heads: 
Untested.  Lack  the  clout  of 
predecessors. 

Another  new  player  is  Sen.  Al  Gore, 
Jr.,  the  former  presidential  candidate 
and  Tennessee  Democrat  who  chairs 
the  science  subcommittee  that  evalu- 
ates the  initial  space  budget  request. 
His  predecessor,  Sen.  Don  Riegle  (D- 
Mich.),  was  a strong  space  backer  who 
left  to  head  the  Senate  Banking  Com- 
mittee. Gore,  though,  is  no  stranger  to 
space.  He  was  the  only  presidential 
candidate  to  push  for  a U.S.-Soviet 
human  mission  to  Mars. 

Gore  is  looking  for  help  in  pushing 
through  the  station’s  funding  request 
this  year.  "It’ll  be  difficult.  I hope  Pres- 
ident Bush  will  support  the  space 
station  and  the  majority  in  Congress 
will  as  well.  It's  an  essential  part  of  any 
NASA  plan  to  develop  longer-term  mis- 
sions in  space." 

Those  in  Congress  looking  for  rea- 
sons to  vote  against  the  station  have 
ammunition  in  a General  Accounting 
Office  transition  report  that  went  out  to 
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members  last  fall.  The  GAO  singled  out 
the  station  as  an  example  of  NASA's  fail- 
ure to  “report  the  full  picture"  of  money 
needed  for  its  activities.  In  1987  NASA 
told  Congress  the  space  station  would 
cost  $14  billion — but  neglected  to 
mention  that  an  extra  $14  billion  would 
have  to  be  ponied  up  to  launch  and 
assemble  it  in  orbit.  "Omissions  of  this 
type  are  not  unusual,"  the  report  said, 
noting  that  NASA  tends  to  keep  related 
costs  separate  from  direct  costs. 

In  early  January  the  National 
Academy  of  Sciences  dealt  the  station 
another  blow  in  a white  paper  sub- 
mitted to  President  - elect  Bush. 
Arguing  that  Freedom  should  be 
delayed  until  its  purpose  is  made  clear, 
the  report  said  that  “a  permanently 
manned  space  station  is  essential  to 
establish  the  feasibility  of  human 
exploration.  But  its  final  configuration, 
pace  of  deployment  and  funding  level 
should  not  be  established  without  prior 
decisions  on  American  goals  in 
space.” 

In  deciding  how  to  pay  for  major  sci- 
ence initiatives  like  the  station, 
Congress  should  consider  a “cross- 
agency perspective,”  says  a special 
committee  of  the  National  Academy  of 
Sciences,  the  National  Academy  of 
Engineering  and  the  Institute  of 
Medicine.  The  idea  is  that  agencies 
likely  to  benefit  from  the  technology 
should  help  bear  the  cost.  And  funding 
for  two  years  at  a time,  rather  than 
annually,  should  be  adopted,  the  panel 
says. 

Managers  like  Clarke  Covington,  who 
runs  the  space  station  program  at 
NASA's  Johnson  Space  Center  in 
Houston,  are  hit  hardest  when  the 
bucks  stop.  Budget  cuts  mean  over- 
hauling schedules,  revising  contracts 
and  setting  new  priorities. 

"You  can  be  nickeled  and  dimed  to 
death,”  says  Covington.  "Every  time 
we’re  fooled  with  changes  in  the 
budget,  not  only  do  things  have  to 
stretch  out  or  the  content  has  to  come 
down,  but  everything  gets  more  ineffi- 
cient. If  somebody  would  tell  you,  Tm 
going  to  fund  your  program  for  10 
years,  this  is  what  you’re  going  to  get 
every  year,  and  this  is  your  total,’  no 
matter  what  it  was,  we  could  run  a 
whole  lot  more  efficiently.  That’d  be  a 
dream  to  run  a program  like  that.” 

Meanwhile,  his  prime  contractor  for 
station  work,  McDonnell  Douglas 
Astronautics  Co.,  is  running  dramatic 
TV  ads  to  convince  the  public,  and 
thereby  Congress,  of  the  need  to  get 
Freedom  finished  on  schedule.  A 
viewer  sees  a station  passing,  hears 
static-garbled  voices,  thinks  they 
might  be  American.  Wait!  That’s  Rus- 
sian! And  there’s  the  Soviet  star  on  the 


bulkhead.  An  announcer  comes  on; 
"Shouldn’t  we  be  up  there,  too?" 

One  wild  card  in  the  debate  over 
Freedom  is  a plan — still  alive,  but 
temporarily  on  hold— to  have  NASA 
help  bankroll  a much  smaller  commer- 
cial, unpiloted  space  station.  As 
outlined  in  Reagan’s  national  space 
policy,  the  government  would  lease  70 
percent  of  a private  facility  for  five 
years,  starting  in  1993.  NASA’s  cost  as 
an  "anchor  tenant”  is  estimated  at 
between  $400  million  and  $700  million. 
The  most  serious  contender  for  the 
contract  is  Houston-based  Space 
Industries,  Inc.,  headed  by  spacecraft 
design  pioneer  Max  Faget  and  former 
shuttle  astronaut  Joe  Allen. 

Congress  last  year  ordered  more 
studies  on  the  demand  for  such  a 
facility  before  agreeing  to  the  pro- 
posal. Two  independent  panels,  from 
the  National  Research  Council  and  the 
National  Academy  of  Public  Adminis- 
tration, are  expected  to  report  their 
findings  in  mid-April. 

With  so  many  unknowns,  and  so 
many  hungry  agencies,  NASA  can’t 
afford  to  sleep  easy.  The  days  of  blank 
checks  for  the  space  program  are  but  a 
memory  for  those  in  NASA’s  congres- 
sional relations  office.  "There’s  no 
question  we  have  to  get  more  sophis- 
ticated in  our  efforts,  because  you 
have  a lot  more  agencies  fighting 
harder  for  less  money,”  says  Lynn 
Heninger,  the  office’s  deputy  liaison. 
“With  the  station,  it’s  double  the  money 
and  the  federal  budget  is  the  same.” 
He  suspects  top  NASA  brass  will  be 
spending  more  than  half  their  time  this 
year  in  Congress,  charting  the  station 
to  safety. 

Astronauts  also  may  find  themselves 
on  the  case,  flown  in  to  warm  up  legis- 
lators who  otherwise  might  not  want  to 


hear  about  space.  There’s  no  shortage 
of  heroes  in  NASA,  and  the  entree  that 
the  Right  Stuff  provides  on  Capitol  Hill 
is  irresistible  to  strategists.  Says  Henin- 
ger: “Astronauts  have  a role,  but  once 
you  get  those  doors  open,  you’ve  got  to 
get  other  people  in  there  to  explain  the 
details.  You’ve  got  to  have  that  follow- 
up.” 

Shuttle  pilot  Jon  McBride,  NASA’s 
point  man  with  Congress,  has  worn  out 
the  shoe  leather  in  his  visits  plugging 
the  station  as  seed  corn  for  future  tech- 
nology, hope  in  a competitive  world.  He 
remains  cautiously  optimistic.  "We’ve 
got  a lot  invested  already.  I hate  to  think 
Congress  would  turn  it  off  at  this  stage 
of  the  game.  You've  got  to  dedicate 
something  to  the  future  of  this  country.” 

A strapping  ex-fighter  pilot  from 
West  Virginia,  McBride  has  a quick 
smile  and  firm  handshake,  good  qual- 
ities to  guide  errant  congressmen  to 
the  light.  He  knows  firsthand  the  prob- 
lems of  selling  an  intangible  like  the 
station.  His  walls  at  NASA  headquar- 
ters are  covered  with  photos  of  smoke 
and  flame,  the  shuttles  he  took  up  and 
back. 

“You  can  go  down  to  the  Cape  and 
see  a shuttle  launch,  but  you  don’t  go 
down  and  see  a space  station  launch. 
It's  hard  for  the  American  public  and 
Congress  to  picture  a space  station.  It’s 
an  enigma.” 

McBride  hopes  to  make  converts 
before  he  returns  to  Houston  and 
begins  training  to  command  the  35th 
shuttle  flight,  scheduled  to  launch  in 
March  1990.  "We’re  going  to  need  logic 
to  prevail,  but  you  know  how  difficult  it 
is  for  logic  to  prevail  around  here . ’’  □ 

Paul  Hoversten  is  a national  reporter  for 
USA  Today,  specializing  in  space 
issues . 


The  portions  are  large  and  the  food  is  good,  but  Pm  not  too  wild  about  the 
atmosphere. 


Reviews 


i Countdown:  An  Autobiography 
; by  Frank  Borman 
i with  Robert  J.  Serling 
i Silver  Arrow  Books 
: 448  pages.  $19.95 

j By  Les  Don,  Jr. 

uring  his  astronaut  days, 

Frank  Borman  seemed  to 
! match  the  description  his  Apollo  8 
j crewmate  Jim  Lovell  gave  of  the  Moon: 
j “Essentially  gray.  No  color.”  In  his  later 
j incarnation  as  TV  pitchman  for  Eastern 
i Airlines,  he  looked  exactly  like  what  he 
j was— a corporate  president  walking 
j his  way  rather  stiffly  through  a scripted 
| commercial. 

If  Borman  writes  any  more  books  like 
| Countdown , he's  going  to  spoil  that 
| bland,  straight-arrow  image. 

As  astronaut  autobiography,  Count- 
j down  easily  ranks  up  there  with  the 
; “industry  standard,”  Mike  Collins’  Car - 
j rying  the  Fire.  It’s  a crisp,  compelling, 
j intensely  personal  recollection  of  Bor- 
: man's  career,  from  his  formative  years 
j as  a West  Point  cadet  to  his  futile  strug- 
| gle  as  head  of  Eastern  Airlines  to  save 
j the  company  from  being  sold. 

Borman  made  just  two  space  flights, 
j but  both  were  pioneering  efforts.  In 
j December  1965,  he  and  Jim  Lovell 
: stayed  aloft  for  fourteen  grueling  days 
j aboard  Gemini  7 a spacecraft  that  had 
I a livable  area  roughly  equivalent  to  the 
j front  seat  of  a Volkswagen  Beetle, 
i Three  years  later,  Borman  commanded 
j Apollo  8,  the  epic  voyage  that  took 
; humans  around  the  Moon  for  the  first 
I time. 

Borman  does  a masterful  job  of  con- 
j veying  the  sights,  sounds  and  smells  of 
j living  and  working  in  space.  He 
j describes  his  first  Gemini  sunrise  as  “a 
j tiny  wedge  that  kept  expanding,  until 
j we  had  the  illusion  that  we  were  looking 
I into  a huge  cave  with  red  mouth,  yellow 
i roof  and  blue  outer  rim.  It  was  a light 
j blue  at  first,  then  the  cave  seemed  to 
j explode  in  slow  motion  into  a kaleido- 
i scope  of  colors.” 

When  Borman  turns  his  attention  to 
: personalities  rather  than  places,  his 
: narrative  takes  on  a Mike  Hammer- 
: esque  pizazz.  As  the  Apollo  8 crew 


waits  for  the  “go"  to  fire  their  third-stage 
engine  and  head  out  to  the  Moon,  Bor- 
man visualizes  Mission  Control’s  Chris 
Kraft  “chomping  on  one  of  those  foul 
cigars,  digesting  the  telemetry  data 
and  our  own  reports  in  that  computer- 
calm  mind  of  his"  while  Kraft  "put  Risk 
and  Mission  on  his  personal  set  of 
scales.” 

Borman  likely  had  a large  assist  from 
co-author  Robert  J.  Serling,  a best- 
selling novelist;  perhaps  that’s  why 
Countdown  seems  so  polished  com- 
pared to  most  other  astro-  biographies. 
But  the  book  has  too  much  of  an  “I  was 
there”  flavor  to  be  simply  Serling’s 
words  over  Borman’s  signature. 

If  your  main  interest  is  space  explora- 
tion, you  may  be  tempted  to  put 
Countdown  aside  after  the  first  270 
pages,  when  Borman  wings  off  to  his 
new  career  at  Eastern.  But  don’t— 
you’ll  miss  a crackling,  intense,  down- 
and-dirty  corporate  boardroom  drama. 

Eastern  was  a fractured  airline  when 
Borman  joined  the  company  as  a vice 
president  in  1970.  Its  New  York  and 
Miami  offices  were  engaged  in  an 
insidious  family  feud,  and  the  corpora- 
tion’s monetary  situation  was  in  a nose 
dive.  When  Borman  ascended  to  the 
airline’s  presidency  five  years  later,  he 


stopped  the  internecine  war,  made 
Eastern’s  reputation  for  service  the 
envy  of  the  industry  and  managed  to 
make  the  company  at  least  financially 
respectable. 

But  to  hear  Borman  tell  it,  he  was 
shackled  with  his  own  personal 
nemesis.  Charlie  Bryan,  head  of  the 
machinists’  union  in  Miami,  resented 
the  ex-astronaut’s  celebrity  status; 
“Frank  Borman's  had  his  Apollo  8,” 
Bryan  told  Borman’s  wife,  Susan.  “I’m 
gonna  have  mine.” 

For  the  remainder  of  Borman’s  tenure 
at  Eastern,  Bryan  and  the  machinists’ 
union  fought  the  company  president’s 
efforts  to  economize.  In  Borman’s  view, 
it  was  Bryan’s  intransigence  that  led  to 
Eastern’s  flirtation  with  bankruptcy  and 
the  airline’s  ultimate  sale.  In  the  last  30 
pages  of  Countdown , Borman  turns 
what  could  have  been  a deathly  dull 
account  of  a management  vs.  labor 
confrontation  into  a real  potboiler.  More 
than  that,  Borman  makes  you  feel  his 
predicament— and  his  heartbreak  for 
the  airline  he  loved — as  he’s  caught  up 
in  a corporate  Catch-22. 

Frank  Borman  achieved  fame  with 
his  high-profile  accomplishments  in 
space  and  aviation,  but  he  came 
across  as  a one-dimensional  human 
being.  Countdown:  An  Autobiography 
will  put  that  perception  to  rest.  □ 


Schirra's  Space 
by  Walter  M.  Schirra 
with  Richard  N.  Billings 
Quinlan  Press 
230  pages.  $16.95 


Wally  Schirra  was  the  only 
astronaut  to  actually  fly  mis- 
sions in  America’s  first  three  piloted 
space  programs:  Mercury,  Gemini  and 
Apollo.  In  Schirra’s  Space,  the  irrepres- 
sible King  of  Gotchas  writes  a fairly 
straightforward  account  of  his  adven- 
tures, but  manages  to  throw  in  a few 
zingers  at  NASA's  current  bureaucracy 
as  well. 

Schirra  was  known  for  his  sense  of 
humor  as  well  as  his  competence.  He 
had  a self-confessed  penchant  for 
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practical  jokes — the  famous  "gotchas” 
that  are  sprinkled  liberally  throughout 
this  autobiography.  Perhaps  that's  why 
I was  so  disappointed  in  Schirra’s 
Space:  it’s  flat.  I expected  a livelier, 
more  colorful  narrative  from  the  man 
who  once  left  a five-gallon  jar  of  iodine- 
tinted  water  as  a urine  specimen,  and 
who  serenaded  Mission  Control  with 
“Jingle  Bells”  played  on  the  harmonica 
during  his  Gemini  6 flight  in  December 
1965. 


Schirra  spins  some  priceless  yarns, 
however,  like  the  time  he  and  Deke 
Slayton  were  fishing  less  than  a hun- 
dred yards  away  from  one  of  Cape 
Canaveral’s  launch  pads  when  a Thor- 
Delta  rocket  began  to  lift  off.  Had  there 
been  an  explosion,  says  Schirra,  “it 
would  have  been  a bad  day  for  Mer- 
cury, with  the  chief  astronaut  [Slayton] 
and  the  pilot  of  MA-8  incinerated  like 
the  legendary  rattlesnakes." 

For  Schirra,  his  Apollo  7 flight,  the 
shakedown  cruise  of  the  spaceship 
that  would  later  take  men  to  the  Moon, 
was  an  anticlimax — little  more  than 
“boring  holes  in  space.”  He  scratched 
off  each  day  of  the  mission  on  a small 
metal  calendar  “as  if  I was  a prisoner  or 
a man  marooned  on  an  island.”  And 
Schirra  laments  the  handling  qualities 
of  the  Apollo  craft  with  the  most  telling 
epithet  an  ex-fighter  jock  can  muster: 
He  calls  it  a “big  bomber." 

That  same  grumpy  elitism  pervades 
Schirra's  Space.  His  comment  that 
“people  who  don’t  fly  the  spacecraft" 
shouldn't  be  called  astronauts  will  draw 


snarls  (and  a few  amused  chuckles) 
from  NASA's  corps  of  shuttle  mission 
specialists.  Schirra  also  believes  that 
Jeana  Yeager,  co-pilot  of  the  Voyager 
round-the-world  aircraft,  should  be 
only  an  honorary  member  of  the  Soci- 
ety of  Experimental  Test  Pilots— she 
doesn’t  qualify  according  to  his  tech- 
nical standards. 

Ultimately,  there’s  nothing  really  right 
or  wrong  with  Schirra’s  Space.  It’s  just 
there,  kind  of  like  literary  Chinese  food. 
An  hour  after  you  read  it,  you’ll  be  hun- 
gry for  something  else.  □ 


For  All  Mankind 
by  Harry  Hurt  III 
Atlantic  Monthly  Press 
352  pages.  $22.95 


nlot  of  people  say  space  today 
is  boring.  Watch  the  Russians 
go  round  and  round,  watch  the  shuttle 
go  up  and  down.  Yawn. 

No  one  described  NASA’s  space  pro- 
gram as  “boring"  twenty  years  ago.  It 
was  the  Era  of  Apollo:  daring  young 
Americans  hurtling  away  from  Mother 
Earth,  reaching  out  to  meet  the  man- 
date of  a martyred  president  and,  in  the 
process,  fulfilling  the  dream  of  cen- 
turies— to  set  foot  on  the  Moon. 

Newsweek  correspondent  Harry 
Hurt  III  tries  to  recapture  the  spirit  of 


Apollo  in  For  All  Mankind , an  overview 
of  the  U.S.  lunar  landing  program  built 
largely  on  quotes  from  the  Apollo 
astronauts.  On  the  strength  of  its 
source  material  alone,  this  book  should 
have  been  a winner;  Hurt  had  access 
to  more  than  90  hours  of  interviews  with 
the  astronauts  taped  by  Al  Reinert,  who 
is  producing  a film  with  the  same  title 
as  Hurt’s  book. 

As  long  as  Hurt  lets  the  men  who 
were  actually  there  do  the  talking,  For 
All  Mankind  is  a gem.  Consider  Charlie 
Duke’s  recollection  of  the  bone-rattling 
liftoff  of  Apollo  16:  “...I  was  just  sitting 
there  shaking  like  crazy.  I really  wasn’t 
mentally  prepared  for  that.  My  first 
reaction  was,  'Gosh,  this  thing  can’t  fly. 
It's  going  to  shake  to  pieces.”’ 

Unfortunately,  the  narrative  that  Hurt 
weaves  around  the  astronauts’  words  is 
riddled  with  fractured  facts  and  half- 
baked  conclusions.  Most  readers  will 
probably  pass  over  Hurt’s  mention  of 
Apollo’s  “custom-molded"  crew 
couches  (they  were  abandoned  after 
Mercury)  or  his  placement  of  Apollo 
12’s  lunar  landing  in  December  1969— 
a month  after  the  mission  took  place. 

But  anyone  with  even  a casual  knowl- 
edge of  Apollo  will  pick  up  on  Hurt’s 
repeated  reference  to  the  “dark  side” 
of  the  Moon  (yes,  he  really  doesn’t 
realize  that  it  isn't  always  dark  on  the 
hidden  side).  Neil  Armstrong  will  be 
surprised  to  learn  that  he  “methodi- 
cally climbed  out  through  the  roof"  of 
the  lunar  module.  (Watch  that  first  small 
step,  Neil!)  And  how  does  Hurt  come 
up  with  the  downright  goofy  deduction 
that  if  the  Apollo  15  astronauts  hadn’t 
stopped  a water  leak  in  the  command 
module,  "all  three  would  have  drowned 
in  space?" 

Okay,  anyone  can  make  a mistake. 
But  when  factual  errors  show  up  liter- 
ally on  page  after  page,  they  destroy 
the  author’s  credibility.  Where  did 
Hurt’s  researchers — he  acknowl- 
edges five  of  them — find  this  stuff? 
Where  were  his  editors?  In  short,  does 
Hurt  know  what  the  hell  he's  talking 
about? 

Leave  For  All  Mankind  to  wind  up  on 
the  “books  for  under  $1.00”  table.  Save 
your  pennies  for  the  movie.  □ 
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A Declaration  for  Mars 


What  is  the  common  ground 
that  unites  Muppets  creator 
Jim  Henson,  newscaster  Walter  Cron- 
kite,  actor  James  Earl  Jones  and  author 
Norman  Vincent  Peale? 

Hint:  It's  about  35  million  miles  away. 
In  recent  months,  all  four  celebrities 
have  added  their  signatures  to  The 
Mars  Declaration,  a document 
advocating  “the  goal  of  human  explo- 
ration of  Mars"  and  urging  “that  initial 
steps  toward  its  implementation  be 
taken  throughout  the  world.” 

The  Martian  manifesto  is  being  cir- 
culated by  The  Planetary  Society  a 
120,000  member  space  advocacy 
group  dedicated  to  planetary  explora- 
tion. The  Declaration  was  first  publicly 
announced  by  the  society  in  1987  and 
has  several  aims — the  most  important 
of  which  is  to  establish  Mars  as  a long- 
term goal  for  the  space  program. 

"Mars  is  the  most  ambitious  goal  that 
anyone  has  discussed,”  explains  Tim 
Lynch,  the  society’s  Mars  Campaign 
Director,  "and  it  is  one  that  would 
require  the  infrastructure  that  would 
satisfy  the  advocates  of  many  other 
manned  activities  in  space." 

Setting  a challenging  goal,  the  Dec- 
laration’s proponents  argue,  will 
provide  a coherent  focus  and  sense  of 
purpose  to  NASA.  It  also  would  keep 
space  research  and  development 
activities  on  an  appropriate  schedule, 
and  give  an  unambiguous  purpose  to 
NASA’s  space  station  Freedom. 

The  Planetary  Society  hopes  to  use 
the  document  to  inspire  and  educate 
the  public  about  the  benefits  of  human 
Mars  exploration.  The  Declaration 
starts  with  vivid  descriptions  of  the 
planet,  and  goes  on  to  enumerate  the 
various  scientific  questions,  including 
the  existence  of  present  or  past  life, 
that  could  be  investigated  by  humans 
on  the  Martian  surface. 


Signing  up  with  Sagan 

▼ ▼ ▼ 

ByEricWTilenim 

Although  the  Declaration  doesn’t 
specifically  call  for  a joint  U.S.-Soviet 
mission,  long-time  Mars  booster  and 
Planetary  Society  President  Carl 
Sagan,  who  was  instrumental  in  forging 
the  document,  praises  Mars  explora- 
tion as  a “realistic  and  possibly  unique 
opportunity  for  the  United  States  and 
the  Soviet  Union  to  work  together  in  the 
spotlight  of  world  public  opinion,  and 
with  other  nations,  on  behalf  of  the 
human  species.” 

The  Declaration  will  eventually  be 
presented  to  Congress  and  to  Pres- 
ident Bush  to  show  widespread 
support  for  space  missions  in  general, 
and  Mars  missions  in  particular.  Polls 
already  have  shown  strong  support  for 
human  Mars  exploration— an  Associ- 
ated Press-Media  General  poll  last  July 
showed  64  percent  in  favor  of  some 
program  to  land  astronauts  on  the  Red 
Planet,  as  compared  to  55  percent  in 
favor  of  the  space  station.  But  accord- 
ing to  Congressman  Robert  J.  Mrazek, 
a New  York  Democrat  who  favors 
human  missions  to  Mars  and  who  bills 
himself  as  “a  strong  supporter  of  the 
space  program,’’  Congress  still  needs 
some  convincing. 

"Not  nearly  enough  of  my  col- 
leagues, or  the  public  at  large, 
understand  the  tangible  benefits  asso- 
ciated with  a vibrant  national  space 
program,"  wrote  Mrazek  last  March. 
Although  he  calls  space  policy  an  area 
increasingly  “seen  as  the  key  to  our 
future  on  Earth,"  Mrazek  says  that  he 
and  his  fellow  Congressmen  rarely 
receive  letters  on  the  subject,  which 
sends  a negative  message  to 


politicians. 

Proponents  of  the  Mars  Declaration 
hope  their  document  will  show  une- 
quivocally that  the  citizens  do  care. 
Already  it  has  gathered  the  support  of  a 
surprisingly  diverse  group  of  big 
names.  Johnny  Carson,  Ted  Turner, 
Jimmy  Carter,  Jeane  Kirkpatrick  and 
James  Michener  all  have  signed,  and 
the  “partial  list  of  signatories"  released 
by  The  Planetary  Society  reads  like  a 
“who’s  who"  from  all  fields. 

The  list  includes  Nobel  Laureates, 
sports  figures,  astronauts,  armed 
forces  generals,  leaders  of  peace 
groups,  poets,  politicians  and  religious 
leaders. 

So  far,  the  society  says  it  has  col- 
lected tens  of  thousands  of 
endorsements,  and  hundreds  more 
are  pouring  in  daily.  According  to  Tim 
Lynch,  most  of  the  signatures  are 
expected  to  be  on  hand  by  July  20,  the 
twentieth  anniversary  of  the  first  Moon 
landing. 

While  no  national  decision  has  been 
made  on  what  the  next  major  space 
program  goal  should  be,  the  Planetary 
Society  does  not  see  the  Mars  goal  as 
controversial.  The  perception  that 
space  exploration  is  unnecessary  or 
unaffordable  is  the  real  hurdle  that 
needs  to  be  overcome,  say  Declaration 
supporters. 

“That  people  from  such  diverse 
backgrounds,  occupations  and  polit- 
ical philosophies  are  willing  to  let  their 
name  be  publicly  associated  with  this 
is  proof  that  the  document  works,” 
comments  Lynch. 

“A  one-shot  mission,  or  no  mission  at 
all,  will  not  be  the  situation  if  there  are 
organizations  dedicated  to  the  Mars 
goal  and  people  committed  to  it — 
people  who  are  willing  to  put 
themselves  on  the  line  for  what  they 
believe  in.”  □ 
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Does  exploring  other  worlds 

make  your  heart 
beat  faster? 


Help  launch  a new  era  in  planetary  exploration. .. 
and  enjoy  the  many  benefits  of  membership 
in  The  Planetary  Society. 


This  is  an  important  time  for  space 
exploration  enthusiasts  like  you.  At  no 
other  time  in  history  has  the  explora- 
tion of  other  worlds  held  more  promise. 
Through  your  membership  in  The 
Planetary  Society, you  can  help  fulfill 
this  promise... you  can  have  an  impact 
on  the  exploration  of  other  worlds  and 
the  search  for  extraterrestrial 
intelligence. 

In  the  last  two  decades,  for  the  first 
time  in  history,  we  have  studied  our 
neighboring  worlds  close  up  and  in 
detail— the  enigmatic  pyramids  of 
Mars,  the  organic  clouds  of  Titan,  the 
10,000  Saturnian  rings.  Right  now, 
the  U.S.,  the  U.S.S.R.,  the  European 
Space  Agency  and  Japan  are  planning 
historic  space  missions.  These  epic 
ventures  will  be  remembered  by  our 
descendants  thousands  of  years  from 
now  when  most  other  achievements 
of  our  time  will  be  forgotten. 

See  the  universe 
in  a new  light 

The  Planetary  Society,  as  the  world’s 
largest,  most  influential  space  interest 
group,  will  have  an  impact  on  such 
programs.  And  you,  as  a Planetary 
Society  member,  will  be  a part  of  our 
efforts.  As  a member,  you  not  only 
take  a front-row  seat  in  the  ultimate 
adventure  in  space.  Your  membership 
will  actually  help  move  ahead  inter- 
national programs  to  explore  the 
cosmos... will  actually  help  finance 
the  radio  search  for  extraterrestrial 
intelligence. 

Headed  by  some  of  the  world’s  most 
distinguished  scientists.  The  Planetary 
Society  provides  more  than  100,000 
members  with  knowledge  and  inspira- 
tion that  sparks  their  imaginations 
and  keeps  them  on  the  cutting  edge 
of  space  exploration. 

U.S.  Planetary  missions 
scuttled.  New  hopes  for 
new  missions. 

Since  1978,  the  U.S.  has  not  launched 
a single  mission  to  the  planets— after 
dozens  of  historic  missions  in  the 
preceding  two  decades.  Today,  The 


Planetary  Society  is  spearheading 
efforts  to  renew  U.S.  commitment  to 
missions  awaiting  launch:  Galileo, 
Magellan,  Ulysses  and  Mars  Observer. 
And  we  are  disseminating  information 
to  the  American  people  on  the 
ambitious  Soviet  Phobos  mission  and 
on  future  Soviet  Mars  exploration. 

We  are  also  leading  the  drive  for 
a multinational  piloted  mission  to 
Mars  and  new  expeditions  to  other 
planets.  We  invite  you  to  join  us. 

Many  membership  benefits. 

There’s  no  other  organization  like 
The  Planetary  Society.  When  you  join, 
in  addition  to  receiving  our  colorful 
magazine  The  Planetary  Report  six 
times  a year,  you’ll  get  special  discounts 
on  books,  videotapes,  posters,  prints 
and  other  materials.  You’ll  also  be 
invited  to  special  Society  events  and 
activities,  such  as  Planetfest  ’89. 

6<t  a day  is  all  it  takes! 

To  become  the  next  member  of  The 
Planetary  Society,  just  fill  out  the 
Membership  Form  below  and  return  it 


right  away.  Send  no  money  now.  We’ll 
bill  you  for  your  low  membership  dues 
of  just  $20*  a year.  That’s  about  6$  a day 
to  take  part  in  this  unique  adventure. 
Included  in  your  membership... 

The 

Planetary 
Report 

Lively, 
authoritative 
coverage  of 
planetary 
exploration 
delivered 
to  you 
bimonthly. 

The  most 
comprehensive 
accounts  of 
discoveries 
about  other  worlds.  First-hand 
reports  from  scientists  of  many 
nations.  Full-color  photographs  from 
space.  Not  available  on  newsstands. 
Sent  to  you  as  a member  of 
The  Planetary  Society. 


SEND  NO  MONEY  NOW 


Co-founders  of  The  Planetary 
Society:  Bruce  Murray,  Profes- 
sor of  Planetary  Sciences, 
California  Institute  of  Tech- 
nology (seated  left);  Carl  Sagan, 
Director,  Laboratory  for 
Planetary  Studies,  Cornell 
University  (seated  right);  Louis 
Friedman,  Executive  Director 
(standing). 


Yes,  enroll  me  as  a new  member 
of  The  Planetary  Society. 

Send  my  membership  card,  start  The 
Planetary  Report  coming  to  me  and  bill  me 
just  $20*  for  my  first  year’s  dues.  Be  sure 
to  send  me  invitations  to  the  Society’s  special 
events  and  activities. 

Guarantee:  You  may  cancel  at  any  time  and 
receive  an  immediate  refund  for  the  balance 
of  your  membership  year. 

Name 


Address  _ 


. Zip 


City_ 

State 

‘Canadian  memberships  are  $30  (Canadian  dollars)  and  foreign  memberships 
are  $30  (U.S.  funds)  per  year 

THE  PLANETARY  SOCIETY 

65  North  Catalina  Ave.,  Pasadena,  CA  91106-9899 
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Mr.  van  den  Berg 
Goes  to  Space 


Shuttle  astronauts  come  in 


ail  shapes  and  sizes. 


And  some  are  just  regular 


A folks  like  us. 

By  Vic  Cox 

.. 


sk  scientist  Lodewijk  van  den  Berg 
about  his  experience  aboard  the 
space  shuttle  and  hell  tell  you,  ult 
changes  your  perspective."  Obvious, 
you  might  think.  But  those  changes 
occasionally  catch  even  him  una- 
wares. 

When  a group  of  Australian  research- 
ers visited  van  den  Berg's  laboratory  »n 
Santa  Barbara,  California,  they  asked  if 
he'd  ever  been  to  their  country.  1 told 
them  Id  never  been  there,  but  I've  seen 
all  of  it,  which  puzzled  them  a bit,11  he 
laughs.  "Sometimes  it  comes  out  in  silly 


things  like  that " 

Few  people  can  bear  personal  wit- 
ness to  how  different  the  environment 
of  space  really  is.  Most  astronauts  and 
cosmonauts  come  from  military  back- 
grounds, and  many  are  former  test 
pitots  But  an  increasing  number  are 
civilian  'payload  specialists,"  selected 
and  Gained  to  conduct  experiments 
that  are  beyond  the  expertise  of  the 
professional  NASA  shuttle  crews. 

Payload  specialists  have  another, 
unique  distinction:  They  come  closer 
to  representing  the  average  American 


than  do  the  professional  astronauts— 
or  the  two  members  of  Congress — 
who  have  ridden  aboard  the  shuttle. 

Dutch-born  Lodewijk  van  den  Berg 
rocketed  into  low  Barth  orbit  in  spring 
of  1985  as  a payload  specialist  for  the 
Spacelab  3 mission.  Recognized  as  a 
U S.  expert  in  making  crystals  grow,  his 
assignment  was  to  do  just  that  in  mic- 
rogravity. Using  a low-  power,  low-heat 
furnace,  he  hoped  to  produce  a mer- 
cury iodide  crystal  that  would  have 
fewer  structural  flaws  and  better  elec- 
trical properties  than  crystals  grown  on 
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Lodewijk  van  den  Berg  in  his  EG&G  lab. 

His  main  task  aboard  Spacelab  3 was  to  grow  crystals 
better  than  any  produced  on  Earth. 


Earth  using  the  same  process  and 
same  material. 

When  Challenger  reached  orbit,  van 
den  Berg  found  he  had  much  more 
pressing,  and  prosaic,  matters  to  deal 
with.  “The  first  thing  they  do  in  orbit  is 
activate  the  bathroom,"  he  says.  Fluids 
rising  inside  the  body  do  more  than 
bloat  the  face;  they  also  trigger  rapid 
urine  production.  Van  den  Berg  also  felt 
queasy,  a sensation  familiar  to  most 
spacefarers  during  their  initial  adapta- 
tion to  weightlessness. 

One  difficulty  in  dealing  with  space 


sickness  is  that  there’s  no  sure  way  yet 
to  identify  before  a flight  who  will  lose 
their  cookies  in  space.  During  two 
years  of  preflight  training,  van  den  Berg 
underwent  standard  susceptibility 
testing,  In  which  your  senses  are  diso- 
riented until  your  stomach  rebels. 
There  were  practice  free-falls  in  a KC- 
135  jet— 40  a day,  for  periods  of  three 
consecutive  days.  “You  were  black- 
and-blue  after  a day  of  practice,"  says 
van  den  Berg,  “but  you  learned  to  pro- 
tect yourself." 

In  an  experiment  to  control  physio- 


logical changes  associated  with 
nausea,  van  den  Berg  was  trained  in 
biofeedback  techniques.  He  learned 
to  master  his  heart  rate  and  body  tem- 
perature while  seated.  “It  sure  beats 
running  (for  exercise),"  he  quips.  He 
credits  the  method  with  helping  him 
quell  his  initial  queasiness  in  space. 
“Some  people  say  biofeedback  is  hog- 
wash,  but  for  me  it  worked  like  a 
dream."  Food  helped,  too.  Van  den 
Berg  ate  about  two  hours  into  the  flight, 
and  the  queasy  feeling  left  him,  never 
to  return. 


F I 


I 


59 


EG&G  ENERGY  MEASUREMENTS 


Figuratively  and  literally,  he  had 
come  a long  way  from  the  farm  village 
in  The  Netherlands,  where  he  was  born 
in  1932,  He  demonstrated  his  curiosity 
early  on:  When  he  was  about  five,  van 
den  Berg  decided  to  learn  how  carrots 
grew,  so  he  pulled  up  a few  to  see  how 
their  roots  were  doing.  Fortunately,  his 
parents  understood  the  scientific 
method  and  tolerated  the  loss  of  a few 
vegetables. 

By  the  time  he  was  in  training  to  be  a 
chemical  engineer  in  Holland,  van  den 
Berg's  interests  were  "more  toward 
answering  the  ‘whys1  than  the  ‘hows,  " 
he  recalls.  One  of  his  advisors  at  the 
Technical  University  in  Delft— the 
Dutch  version  of  MIT. — recognized 
his  research  orientation  and  steered 
him  to  the  University  of  Delaware  in 
1961,  where  he  got  a job  as  research 
assistant  to  a professor  who  was 
exploring  x-ray  analysis  of  crystalline 
materials. 

Van  den  Berg  stayed  at  Delaware  for 
the  next  14  years,  earning  his  Ph  D and 
working  with  the  electrical  properties 
of  crystals  and  their  application  to 
semiconductors.  When  EG&G  Energy 
Measurements,  a defense  contractor, 
advertised  for  a chief  crystal -grower  in 
1974,  he  was  quickly  hired 

The  crystal  expert  had  his  work  cut 
out  for  him  aboard  Spacelab  3 more 
than  a decade  later.  The  flight  plan 
called  for  completion  of  15  materials 
science  and  physics  experiments  in 
seven  days,  which  required  almost  full 
attention  from  van  den  Berg,  who  rep- 
resented EG&G,  and  fellow  payload 
specialist  Taylor  Wang  of  the  Jet  Pro- 
pulsion Laboratory. 

Van  den  Berg’s  primary  task  was  to 
grow  a mercuric  iodide  crystal  in  a 
glass  ampule  not  quite  seven  inches 
high.  Using  carefully  controlled  heat 
and  pressure,  material  inside  the 
ampule  was  vaporized  and  deposited 
on  a three-millimeter-high  seed  crystal 
at  the  bottom— a process  called 
"vapor  transport." 

At  first,  van  den  Berg  admits,  he  was 
doing  all  the  sweating.  “For  the  first  14 
hours  of  the  experiment,  the  crystal 
wasn't  growing/'  he  remembers.  A 
video  camera  mounted  on  the  furnace 
relayed  pictures  of  the  seed  to  an 
EG&G  team  working  with  NASA  techni- 
cians at  Johnson  Space  Center,  so  they 
also  knew  something  was  wrong.  The 
ground  “crew"  worked  with  van  den 
Berg  for  hours  to  arrive  at  the  right  mix 
of  temperature,  pressure  and  rate  of 
vapor  transport  before  the  crystals 
finally  started  growing. 

After  another  90  hours,  the  ruby-red 
crystal  had  surpassed  all  projected 
growth  rates,  and  the  glass  capsule 
was  cooled  and  removed  from  the  fur- 


nace. Van  den  Berg  and  his  colleagues 
wanted  to  apply  their  hard-won  knowl- 
edge toward  growing  another  space 
gem.  Just  hours  before  the  crew  began 
to  prepare  Challenger  for  landing,  a 
second  ampule  was  inserted  in  the 
still-hot  furnace  The  two-in-one  exper- 
iment was  a success,  with  benefits  that 
only  became  evident  later,  on  the 
ground. 

Unlike  most  of  those  grown  on  Earth, 
the  whole  crystal — not  just  pa  rts  of  it — 
was  of  high  quality  When  its  electrical 
properties  were  measured,  says  van 
den  Berg,  the  results  were  eight  to  ten 
times  bettef  than  the  average  ground 
crystal,  and  three  times  better  than  the 
best  produced  in  Earth  laboratories 

'That’s  impressive."  he  boasts 

Science  dominated  van  den  Berg’s 
time  in  space,  but  he  also  had  other, 
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Van  den  Berg's  mercuric  iodide  crystal 
fat  bottom)  grows  magically  in  zero-g. 

less  glamorous  chores,  At  one  point  he 
had  to  don  surgical  mask,  gown  and 
gloves  to  help  two  other  astronauts 
clean  up  food  and  feces  that  had  blown 
out  of  a prototype  rat  and  monkey 
cage, 

When  they  were  off-duty,  the  crew 
members  would  eat,  take  sponge 
baths  or  strap  themselves  into  their 
sleeping  bags,  When  they  wanted 
relaxation  there  were  music  tapes  and 
zero-g  games  to  play,  Drinking  bub- 
bles was  one  popular  sport.  Fruit  drink 
is  sucked  out  through  a flexible  plastic 
straw,  then  expelled  so  that  its  own  sur- 
face tension  makes  it  float  like  a 
colorful  balloon  in  mid-air.  The  goal  is 
to  insert  your  straw  into  the  bubble  and 
suck  it  up  from  the  inside.  It's  not  as 
easy  as  it  sounds.  As  soon  as  the  straw 
touches  the  bubble,  the  liquid  runs  up 


the  straw,  You're  also  floating  in  mid-air, 
with  no  traction, 

“It  takes  a whole  lot  of  body  control," 
says  van  den  Berg  with  a grin.  "Our 
commander  (astronaut  Bob  Overmyer) 
was  a champ  at  it  and,  of  course,  Taylor 
Wang  is  an  expert  on  bubbles." 

Van  den  Berg’s  warm  feelings  toward 
his  crewmates  may  have  something  to 
do  with  their  practice  of  donating  left- 
over food  to  his  insatiable  hunger 
during  the  mission.  “On  the  ground,  I 
was  a careful,  moderate  eater.  Up 
there,  I ate  everything  in  sight,"  he 
says.  ”1  hoarded  others' leftovers.  It  was 
totally  crazy."  He  also  thinks  he  may 
have  set  a new  NASA  record.  Usually, 
shuttle  astronauts  lose  from  four  to  six 
pounds.  He  gained  two. 

For  van  den  Berg  and  many  other 
astronauts,  the  primary  use  of  free  time 
was  for  Earth-watching.  With  the  shut- 
tle upside  down  and  traveling  almost 
horizontal  to  the  blue-green  globe,  the 
best  views  were  from  the  aft  flight  deck, 
Van  den  Berg  says  that  the  orbiter's 
eight  windows— six  in  front  and  two  in 
back — reminded  him  of  a picture  win- 
dow, "It  made  me  dizzy,"  he  recalls, 
when  he  saw  the  planet  below  zipping 
by  at  about  171500  miles  per  hour,  "but 
then,  it  was  fun." 

From  that  perspective,  says  van  den 
Berg,  there  is  no  separation  between 
oceans,  clouds  and  the  sky,  Likewise, 
national  boundaries  and  ideological 
issues  disappear.  “A  farm  in  Poland 
doesn’t  look  any  different  than  a farm  in 
southern  Spain,”  he  observes. 

Some  distinctions,  both  natural  and 
man-made,  were  very  clear  from 
space.  The  shuttle  passed  over  the 
Great  Lakes  every  second  day,  and  the 
astronauts  could  see  the  ice  packs 
breaking  up,  almost  as  if  they  were 
watching  time-lapse  photography.  Van 
den  Berg  also  noted  a "big  black  strip 
stretching  from  Chicago  to  the  East 
Coast,  the  result  of  acid  rain  damage,” 
The  dull  gray  spread  of  marine  pollu- 
tion followed  long  stretches  of 
America’s  eastern  seaboard  and 
covered  the  Mediterranean,  North  and 
Baltic  Seas,  "Now,  I wouldn’t  dare  swim 
in  any  of  those  seas,"  says  the  trans- 
planted European. 

“Going  into  space  is  an  emotional 
experience  for  many  people,"  he  con- 
tinues. ”1  came  back  wanting  people  to 
protect  and  care  for  the  planet  better, 
Looking  at  it  gave  me  a definite  feeling 
that  that  was  my  world  and  that’s  where 
I belong." 

When  the  scientist/astronaut  re- 
turned from  more  than  2.5  million  miles 
of  space  travel,  he  found  that  suddenly 
people  wanted  to  hear  his  views. 
Schools  and  clubs  invited  him  to 
appear.  Van  den  Berg  likes  it  that  way, 
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though  he  admits  that  having  an 
astronaut  father  was  “no  big  deal"  to  his 
two  children.  To  a local  newspaper 
reporter  he  explained,  “To  people  my 
age,  rockets  in  space  are  new,  a big 
thing.  But  my  children,  from  the 
moment  they  began  watching  TV  have 
been  seeing  rockets.  Lots  of  people  do 
it,  right?" 

Just  eight  months  after  van  den 
Berg’s  journey  into  orbit,  Challenger 
blew  up  73  seconds  after  liftoff.  The 
news  stunned  van  den  Berg  — he  knew 
astronaut  Judy  Resnick  personally — 
and  he  considered  calling  off  a 
scheduled  talk  at  an  elementary 
school  near  his  home  in  Santa  Barbara. 
Instead,  he  met  with  the  school  super- 
intendent and  an  officer  from  nearby 
Vandenberg  Air  Force  Base  and 
decided  to  carry  on.  The  children  were 
expecting  him. 

“It  was  really  weird,"  he  recalls.  “The 
kids  were  less  upset  than  the 
teachers."  He  gave  his  standard  talk 
and  got  a few  laughs  with  some  humor- 

“On  the  ground,  I was 
a careful,  moderate  eater. 

Up  there,  I ate  everything 
in  sight.” 
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ous  comments.  Afterward,  van  den 
Berg  overheard  a second-grader 
being  asked  by  a TV  reporter  for  a reac- 
tion to  the  Challenger  explosion. 

“That  was  bad,”  he  recalls  the  child 
saying.  “Last  week,  my  big  brother 
died  in  a car  accident.  That  was  really 
bad." 

Perhaps,  van  den  Berg  suggests, 
adults  could  learn  something  about 
priorities  from  that  child.  Going  into 
space  aboard  a complicated  craft 
strapped  to  explosive  fuel  tanks  will 
always  be  a hazardous  undertaking.  It 
should  never  be  treated  with  compla- 
cency, and  there  will  be  always  be  a 
human  cost  for  any  new  and  risky 
enterprise. 

As  for  Lodewijk  van  den  Berg,  his  hat 
is  in  NASA's  ring  again.  He’s  a candi- 
date for  a new  Microgravity  Lab 
mission  tentatively  set  for  launch  in 
1991.  He  hopes  to  repeat  and  expand 
his  earlier  successes  growing  space 
crystals.  And  why  not?  His  track  record 
is  truly  out  of  this  world.  □ 

Vic  Cox  is  a Santa  Barbara  freelancer 
interested  in  the  human  side  of  space 
exploration. 


Roads  to  Mars 

continued  from  page  36 

engines.  Testing  such  a vehicle  in 
space  presents  a major  political  hur- 
dle, unless  underground  tunnels  used 
for  bomb  tests  could  be  adapted  for 
test-firing  the  rockets  on  Earth. 

Even  more  promising,  perhaps,  is 
“nuclear  electric"  propulsion,  or  NEP 
Instead  of  heating  up  an  exhaust  fluid 
directly,  a nuclear  reactor  would  be 
used  to  produce  electricity  that  would 
expel  charged  particles  at  high  veloci- 
ties out  the  back  of  a low-thrust  engine. 
The  principle  has  already  been 
demonstrated  on  satellites  in  Earth 
orbit,  and  the  Defense  Department  is 
now  building  a nuclear  reactor  for 
generating  large  amounts  of  electrical 
power  in  space. 

An  advanced  NEP  rocket  could  revo- 
lutionize the  Mars  journey.  It  would 
have  ten  times  the  fuel  efficiency  of 
chemical  rockets,  which  makes  it  per- 
fect for  the  heavier  (and  slower)  cargo 
half  of  a split/sprint  mission.  Although 
an  NEP  vehicle  would  be  great  on  gas 
mileage,  it’s  weak  on  thrust,  and  takes  a 
long  time  to  build  up  speed.  For  that 
reason,  it’s  usually  ruled  out  in  NASA 
case  studies  for  carrying  the  crew — 
too  slow  for  a sprint  to  Mars. 

But  Paul  Keaton  of  Los  Alamos  thinks 
the  conventional  wisdom  has  it  all 
wrong.  He  sees  NEP-powered  vehicles 
delivering  humans  to  Mars  in  about 
four  months,  if  they  wait  until  after  the 
Mars-bound  ship  has  built  up  speed  — 
in  a long,  slow  spiral  outward  from 
Earth  orbit— before  boarding  it  (using 
a smaller  orbital  transfer  vehicle)  to 
head  toward  Mars. 

Most  experts  think  nuclear  electric 
propulsion  also  could  be  ready  early  in 
the  next  century,  if  we  begin  work  now. 
With  NEP’s  low  thrust  and  steady  accel- 
eration, the  farther  we  go,  the  greater 
the  advantage.  According  to  Keaton, 
that  means  nuclear  electric  propulsion 
could  open  up  the  whole  Solar  System 
beyond  Mars. 

A 1987  National  Research  Council 
report  on  the  future  of  space  technol- 
ogy concluded  that  “a  revolutionary 
approach  to  advanced  propulsion 
concepts  is  essential  if  the  United 
States  is  to  regain  its  world  leadership 
position  in  space.”  Bill  Strobel,  who 
traveled  many  of  these  same  roads 
while  conducting  NASA-sponsored 
studies  for  General  Dynamics  in  the 
1960s,  agrees  that  advanced  propul- 
sion is  the  way  to  go  to  Mars. 

“If  we  go  with  chemical  systems  and 
aerobrakes,"  he  says,  “it’s  as  if  we’re 
forcing  ourself  [to  do  a Mars  mission] 
before  were  ready.” 

Whatever  path  we  take,  and  however 


soon  we  go,  the  first  Mars  voyage  will 
almost  surely  be  an  international 
expedition.  It's  hard  to  imagine  that 
American  astronauts  would  go  it  alone 
after  years  of  working  closely  with  the 
Europeans,  Japanese  and  Canadians 
onboard  space  station  Freedom. 

Cooperation  with  the  Soviet  Union  is 
another  possibility;  with  or  without  us, 
the  Soviets  have  their  own  plans  for 
Mars.  On  a recent  visit  to  the  Soviet 
“mission  control”  in  Kaliningrad,  one 
American  observer  was  shown  a plan- 
ning chart,  which  had  the  first 
expedition  (using  the  heavy  Energia 
rocket  and  a nuclear  propulsion  stage) 
leaving  for  Mars  sometime  between 
2006  and  2015. 

Should  we  race?  Not  all  sprint  mis- 
sions are  created  equal — the  best 
“oppositions,"  or  favorable  alignments, 
happen  every  15  years.  In  2003,  Mars 
and  Earth  will  be  about  as  near  to  each 
other  as  they  get.  If  we  don't  go  until 
2011,  when  the  planets  are  farther 
apart,  the  same  mission  might  cost 
more  than  two  and  a half  times  as 
much.  Waiting  has  a price,  too. 

In  the  meantime,  John  Soldner  and 
his  colleagues  keep  tweaking  their  tra- 
jectories at  SAIC,  looking  at  different 
departure  times,  trying  to  save  a little 
fuel  here  or  a few  days  of  travel  there. 
NASA  continues  to  do  its  paper 
studies,  while  trying  to  keep  its  budget- 
ary head  down. 

What  we  need  right  now,  say  mana- 
gers in  the  Office  of  Exploration,  is  a 
steady,  low-level  commitment  of 
money,  including  continued  progress 
on  a heavy-lift  launch  vehicle  for 
reaching  Earth  orbit  (an  absolute 
necessity  for  any  Mars  mission)  and 
more  funding  for  the  “Pathfinder" 
technology  development  program. 

On  that  score,  the  Reagan  Adminis- 
tration, always  long  on  grand 
pronouncements  about  space  and 
short  on  follow-through,  set  a dismal 
precedent.  Pathfinder,  which  aims  to 
develop  such  critical  Mars  tech- 
nologies as  aerobraking  and  the 
transfer  of  cryogenic  fuels  in  orbit, 
received  only  $40  million  of  the  $100 
million  requested  for  the  program  last 
year.  This  year's  allotment  is  a paltry 
$47  million.  We  won't  get  to  Mars,  or 
anywhere  else  that  way. 

But  if  NASA's  long-range  strategists 
are  right,  then  we  may  not  need  a Ken- 
nedy-like  declaration  of  goals  from  the 
new  President— at  least  not  until  the 
end  of  his  term,  when  the  space 
agency  is  ready  to  recommend  a 
course  of  action.  For  now,  they  say,  if 
you  want  to  know  how  we’re  faring  on 
the  road  to  Mars,  don't  read  George 
Bush’s  lips.  Read  the  fine  print  in  his 
budget.  □ 
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faces  of  the  buildings. 

Possible  Martian  cities  often  are  com- 
pared with  Antarctic  bases  on  Earth,  but 
they  might  be  even  more  comfortable. 
Settlers  couldn’t  play  pool  in  the  recrea- 
tion room;  the  low  gravity  would  hinder 
their  game  unless  the  balls  were  made 
of  lead,  which  is  rather  hard  on  the  cues. 
But  most  forms  of  entertainment  and 
diversion  would  be  just  as  good  on  Mars 
as  they  are  here.  In  the  low  gravity,  sport 
lovers  could  drive  a golf  ball  halfway  to 
the  polar  cap,  or  knock  a home  run  into 
the  next  crater. 

We  could  grow  virtually  anything  in  a 
Martian  garden,  suitably  enclosed  and 
protected  from  the  hostile  environment. 
A 60-acre  farm  on  Mars  could  support 
several  thousand  people,  and  new  adv- 
ances and  research  on  high-density 
farming  techniques  could  improve  that 
figure  substantially. 

And  there  are  even  a few  ideas — 
perhaps  premature— for  the  open 
country  lying  out  beyond  the  first  per- 
manent Mars  base  or  even  the  first 
capital  city.  What  will  we  do  with  the  left- 
overs from  the  garden?  Feed  them  to 
the  animals.  Artificial  insemination 
practically  eliminates  the  need  for  a 
Martian  Noah's  Ark  to  deliver  animals  to 
the  “new"  planet.  We’ll  leave  the  billy 
goat  back  on  Earth,  where  he  won’t  have 
to  deal  with  weak  gravity  or  be  laughed 
at;  instead,  well  likely  import  sperm  and 
ova  to  Mars  and  make  our  own  test-tube 
animals. 

Chickens  make  eggs,  and  are 
expected  to  do  so  even  on  Mars.  Two 
rabbits  can  produce  a litter  every  two 
months  and  be  fed  from  a square  yard  of 
alfalfa— rabbit  stew  may  be  a staple  of 
Martian  cuisine.  Goats  can  provide  milk, 
are  easier  to  feed  than  cattle,  and  don’t 
take  up  as  much  room. 

If  you’re  going  all  the  way,  you  might  as 
well  include  the  horses.  That  way,  the 
roses  (red  roses,  of  course,  for  Mars)  will 
have  a steady  supply  of  nutrients.  If  you 
can  figure  out  how  to  put  a space  suit  on 
one,  you  could  head  out  for  the  Mariner 
Valley  on  vacation. 

So  there’s  our  "new"  Mars:  settled  and 
colonized  sometime  in  the  21st  century, 
using  mostly  native  materials,  with  only  a 
few  imported  items.  Cities  of  glass 
bricks  and  concrete,  furniture  of  plast- 
ics, the  interiors  of  the  buildings  lit 
indirectly  by  natural  light  from  solar  col- 
lectors; Martian  dirt  everywhere  for 
protection  from  cosmic  rays. 

"If  we  have  some  good  luck  with  our 
work  here  at  the  University  of  Arizona 
labs,"  says  John  Lewis,  “it  will  be  a Mars 
that  is  as  independent  of  resupply  as 
possible.  I hope  that  the  technologies 


that  we  can  start  developing  in  the  near 
future  will  be  great  positive  incentives 
for  mankind,  real  enabling  factors  in  the 
exploration  of  the  Solar  System." 

And  what  of  the  question  of  Martian 
life?  Some  scientists  still  hold  out  for  the 
presence  of  life  there,  based  on  incon- 
clusive results  from  the  Viking  landers  in 
1976.  Isn’t  all  that  digging,  stripping  of 
permafrost  and  bull-dozing  of  the  land- 
scape for  settlements  going  to  stir  up 
the  environmentalists?  What  if  we 
destroy  a Martian  life  form,  however 
insignificant? 

"Finding  life  on  Mars  from  Viking 
data,”  says  Lewis,  "is  a performing  art. 
Other  than  the  Sun,  I can’t  think  of  any 
place  less  likely  to  have  organics....’’ 

Perhaps,  but  Mars  often  speaks  with  a 
forked  tongue,  as  some  wag  once 
remarked. 

Robert  M.  Powers  is  the  author  of  Planet- 
ary Encounters  and  Mars:  Our  Future  on 
the  Red  Planet. 
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solar  wind.  Equipment  onboard  the 
spacecraft  also  determined  the  char- 
acteristics of  interplanetary  shock 
waves  and  the  location  of  gamma  ray 
outbursts. 

Flalfway  into  the  mission,  however, 
the  normal  course  of  events  was  dis- 
rupted. During  a communications 
session  scheduled  for  September  2, 
no  signal  was  received  from  Fobos  1- 
the  result  of  an  operator’s  mistake  in 
relaying  commands  to  the  spacecraft, 
which  led  to  a loss  of  orientation  and 
the  spontaneous  discharge  of  onboard 
power  sources.  Attempts  to  restore 
communications  lasted  for  a month. 
There  was  hope  that  in  the  process  of 
uncontrolled  rotation,  the  probe’s  solar 
cell  panels  would  turn  at  least  for  some 
time  toward  the  Sun  and  recharge  the 
buffer  batteries.  Yet  all  efforts  proved 
futile,  and  Fobos  1 was  irretrievably 
lost. 

Now  all  attention  is  focused  on  Fobos 
2,  which  was  scheduled  to  reach  the 
environs  of  Mars  at  the  end  of  January. 

Closing  in  on  Phobos  directly  from 
the  interplanetary  trajectory  is  imposs- 
ible- it  would  be  easier  to  hit  a bullet 
with  a bullet  than  Phobos  with  Fobos. 
Modern  science  has  little  knowledge 
of  the  Martian  satellite  and  its  orbit.  All 
of  our  information  comes  from  Earth- 
based  observations  (during  brief 
visibility  periods),  and  from  data 
relayed  by  the  U.S.  Mariner  9 and  Vik- 
ing 1 probes.  That  is  why  Fobos  2 must 
first  become  an  artificial  satellite  of 
Mars  and  carry  out  preliminary  obser- 


vations from  a circular  equatorial  orbit 
around  the  planet. 

The  transition  into  an  “observation 
orbit"  is  accomplished  by  firing  retro- 
rockets  at  three  specific  points  of  the 
trajectory  to  transform  the  spacecraft's 
orbit  gradually  from  a hyperbolic  to  an 
elliptical,  then  a circular  one  posi- 
tioned some  220  miles  above  the 
moon's  orbit.  That  orbit  continues  for 
about  a month.  During  this  time, 
onboard  systems  will  verify  the  ele- 
ments of  the  moon’s  orbit  and  will 
measure  the  probe’s  own  movement  in 
relation  to  Mars’  natural  satellite.  Paral- 
lel with  this,  the  spacecraft  will  relay  TV 
pictures  back  to  Earth  for  verification  of 
the  terrain  features. 

At  orders  from  ground  control,  the 
probe  will  switch  over  to  an  orbit  syn- 
chronous with  Phobos.  The  next  two 
months  will  be  taken  up  by  the  retrieval 
and  processing  of  information  which 
will  allow  the  spacecraft  to  approach 
within  22  miles  of  Phobos.  After  that,  at 
orders  from  its  own  systems  and  instru- 
ments, Fobos  2 will  begin  closing  in  on 
the  Martian  satellite.  Hovering  about 
160  feet  above  the  surface,  the  space- 
craft will  sail  over  Phobos  and  conduct 
experiments  for  25  minutes. 

That  drift,  even  at  a low  speed,  will  be 
very  hard  to  accomplish,  if  only 
because  Phobos  is  covered  with  cra- 
ters and  deep  furrows.  A hedge- 
hopping flight  over  them  is  possible 
only  if  the  probe  is  "smart"  enough.  The 
onboard  computer  system  must 
promptly  evaluate  the  situation  and 
make  the  right  decisions.  It  must  also 
maintain  altitude  control  at  all  times. 

The  research  program  at  that  stage 
includes  television  surveying,  radar 
scanning  of  the  sub-surface  structure 
of  Phobos,  and  the  evaporation  of  mat- 
ter samples  with  laser  and  ion-beams 
to  study  chemical  and  physical  proper- 
ties of  the  soil.  Two  descent  modules 
also  will  be  dropped  onto  the  surface  of 
Phobos:  an  autonomous  stationary 
monitor  and  a mobile  probe.  They  will 
relay  panoramic  views  of  the  tiny 
moon's  surface,  study  the  soil's 
mechanical,  physical  and  chemical 
properties,  and  measure  the  magnetic 
field. 

Upon  completing  these  investiga- 
tions at  Phobos,  the  interplanetary 
spacecraft  will  switch  over  to  other 
tasks.  These  include  remote  probing  of 
the  Martian  surface  and  the  planet’s 
atmosphere. 

In  effect,  this  is  the  beginning  of  a 
new  stage  in  Martian  studies.  The  goal 
is  to  locate  areas  with  maximum  humid- 
ity on  Mars  where  it  would  be  most 
expedient  to  look  for  signs  of  life,  and  to 
determine  where  new  research 
spacecraft  should  be  sent  in  the  future. 
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of  the  rest  of  the  un  iverse.  The  long-  almndoned  idea  of  a manned 
mission  to  Mars  will  be  revived. 
n>» i MW* . toss 


final  frontier 

MISSION  FILE 


STS-27 


LAUNCH: 

9:30  A.M.  EST,  December  2, 
1988,  Pad  39 B,  Kennedy 
Space  Center,  Florida 

LANDING: 

3:36  PM,  PST,  December  6, 
1988,  Edwards  Air  Force 
Base,  California 

OBBITER: 

Atlantis 

ALTITUDE: 

Classified.  Estimated  210- 
250  nautical  miles 

CREW: 

Robert  “Hoot”  Gibson. 

Commander 

Guy  Gardner,  Pilot 

Mike  Mulfane,  Jerry  Ross.  Bill 

Shepherd,  Mission 

Specialists 

PRIMARY  MYLOAD: 

Classified.  Believed  to  be  a 
lacrosse"  spy  satellite  with 
high-resolution  radar  imag- 
ing system. 


Shuttle  mission  27  was  a 
shot  in  the  dark,  so  to  speak. 
Officially,  Atlantis  went  up 
and  Atlantis  came  down. 
NASA  and  the  Department  of 
Defense  wrapped  most  of 
the  flight's  activities  in  a blan- 
ket of  military  secrecy. 

Although  the  shuttle's  pay- 
load  was  classified,  most 
experts  agreed  that  a mam- 
moth spy  satellite, 
code-named  "Lacrosse." 
was  stashed  in  Atlantis' 
cargo  bay  And  while  NASA 


was  mum  on  the  mission's 
exact  scheduled  liftoff  time 
(ostensibly  to  complicate 
Soviet  tracking  efforts),  the 
space  agency  did  release 
the  planned  launch  date, 
and  announced  a three-hour 
“window"  during  which  the 
liftoff  would  occur 
Unacceptable  wind  condi- 
tions scrubbed  a launch 
attempt  on  December  1.  The 
following  morning.  Atlantis 
again  sat  ready  and  waiting, 
but  high-altitude  winds  con- 
tinued to  be  a problem  until 
moments  before  the  nominal 
launch  window  expired. 
When  the  weather  improved, 
NASA  mission  managers 
gave  shuttle  commander 
"Hoot"  Gibson  and  his  crew 


a hurried  "GO"  for  launch. 

Atlantis  roared  off  into  a 
Florida  chamber-of-conv 
merce  blue  sky  at  9:30  A.M 
Almost  immediately,  the 
shuttle  stack  rolled  over  and 
zoomed  up  the  East  Coast, 
bound  for  a northerly  orbit 
that  would  overfly  much  of 
the  Soviet  Union.  The 
unusual  trajectory— most 
missions  head  nearly  due 
east  away  from  the  Cape- 
blasted  spectators  with  a 
wall  of  pop-and-crackle 
noise  from  the  shuttle's  roc- 
ket engines.  It  also  gave 
some  watchers  the  illusion 
that  the  spacecraft  was 


almost  overhead:  one  radio 
newsman  exclaimed,  'We 
can  see  right  up  the 
tailpipes!" 

The  shuttle's  flight  path 
wasn't  the  only  curious 
aspect  of  the  ascent  to  orbit. 
The  checkpoints  normally 
called  up  to  the  astronauts 
by  Mission  Control  ("Go  at 
throttle  up  ” "First  stage  per- 
formance: nominal")  were 
heard  plainly  but  NASA 
blacked  out  the  crew's 
responses  in  deference  to 
the  military  nature  of  their 
mission. 

The  space  agency  had 
almost  nothing  to  say  about 
the  remainder  of  the  flight, 
but  ground  observations 
suggested  that  the 


astronauts  released  the 
"Lacrosse"  reconnaissance 
satellite  sometime  during 
their  first  six  orbits  of  the 
Earth.  By  most  reports,  the 
spy-in-the-sky  was  a real 
bear:  large  enough  to  fill 
Atlantis'  payload  bay 
equipped  with  a battery  of 
advanced  radar  and  optical 
sensors  and  carrying  an 
extra  load  of  volatile  hyd- 
razine maneuvering  fuel. 

Two  lightweight  solar  panels 
attached  to  50-foot  deploy- 
able arms  on  either  side  of 
the  spacecraft  gave  it  a dis- 
tinctive cruciform  layout  (and 
possibly,  its  name). 


If  theories  about  the 
deployment  sequence  are 
correct,  astronaut  Mike  Mul- 
lane  hoisted  Lacrosse 
gingerly  from  Atlantis1  cargo 
bay  with  the  shuttle's  robot 
arm.  The  crew  then  flew  in 
formation  with  the  huge 
satellite  until  they  were  cer- 
tain it  was  functioning 
properly. 

Apparently,  Lacrosse's 
giant  solar  arrays  gave  mis- 
sion controllers  some  tense 
moments.  The  aerospace 
trade  magazine  Aviation 
Week  & Space  Technology 
reported  that  the  first  try  at 
deploying  the  panels  failed; 
a second  command  from  the 
ground  was  needed  to  get 
the  satellite  up  and  running. 
According  to  pre-launch 
rumor,  astronauts  Jerry  Ross 
and  Bill  Shepherd  were  to 
attempt  a mission-saving 
spacewalk  if  something  went 
awry  and  no  other  options 
remained. 

Atlantis  returned  to  Earth 
on  the  afternoon  of  Decem- 
ber 6.  Illuminated  by  the 
setting  sun,  the  arbiter 
swooped  in  from  the  north  — 
again,  an  unusual  direction 
for  a shuttle  land  ing  — to 
make  a perfect  touchdown 
on  the  dry  fakebed  runway  at 
Edwards  Air  Force  Base  in 
California.  Photos  confirmed 
that  Atlantis'  fragile  thermal 
tiles  had  taken  a beating, 
presumably  from  falling  ice 
or  debris  during  the  eight- 
and-a-half  minute  ride  to 
orbit  five  days  earlier.  It  was 
rumored  that  the  crew  used 
TV  cameras  on  the  shuttle's 
robot  arm  during  the  flight  to 
ensure  that  the  underside 
tiles  were  still  intact 

Atlantis'  next  trip  will  be 
anything  but  a mystery.  In 
April,  the  orbiter  will  start  the 
Magellan  spacecraft— the 
first  U S planetary  mission  in 
more  than  a decade— on  its 
16- mo  nth  voyage  to  Venus. 
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SHUTTLE  LAUNCH  DATES  ANDCREW ASSIGNMENTS 


MISSION 

ORBITER 

DATE 

COMMANDER 

PILOT 

MISSION 

SPECIALISTS 

PAYLOAD 

SPECIALISTS 

30 

Atlantis 

4/28/89 

David  Walker 

Ronald  Grabe 

Norman  Thagard 
Mary  Cleave 
Mark  Lee 

— 

28* 

Columbia 

7/1/89 

Brewster  Shaw 

Dick  Richards 

David  Leestma 
James  Adamson 
Mark  Brown 

— 

33 

Discovery 

8/10/89 

Frederick  Gregory 

David  Griggs 

Story  Musgrave 
Kathryn  Thornton 
Manley  Carter 



34 

Atlantis 

10/12/89 

Donald  Williams 

Michael  McCulley 

Shannon  Lucid 
Ellen  Baker 
Franklin  Chang -Diaz 

— 

32* 

Columbia 

11/13/89 

Dan  Brandenstein 

James  Wetherbee 

Bonnie  Dunbar 
Marsha  Ivins 
David  Low 

■ 

31 

Discovery 

12/11/89 

Loren  Shriver 

Charles  Bolden 

Bruce  McCandless 
Steve  Hawley 
Kathryn  Sullivan 

— 

36* 

Atlantis 

2/1/90 

Nof  yet  named 

Not  yet  named 

Not  yet  named 

35 

Columbia 

3/1/90 

Jon  McBride 

Guy  Gardner 

John  Lounge 
Robert  Parker 
Jeffrey  Hoffman 

Ronald  Pa  rise 
Samuel  Durrance 

’NASA  retains  the  original  mission  number  even  when  flights  are  launched  out  of  sequence*  All  dates  are  subject  to  change. 


The  word  implies  bold 
vision,  new  heights.  The 
reality  provides  more 
services  for  less  cost. 

At  GF.  Astro  Space  we 
have  enhanced  value 
through  technology  for 
thirty  years.  Building 
upon  scientific  advances 
in  materials,  devices  and 
computer  programs,  we 
have  engineered  three- 
axis  stabilized  attitude 
control,  cross-polarized 
antenna  systems,  space- 
craft autonomy,  all 
composite-based  struc- 
tures and  high-electron 
mobility  transistor  low- 
noise  amplifiers.  These 
advances  have  increased 
spacecraft  lifetime,  reli- 
ability and  capability 
while  decreasing  weight, 
complexity  and  cost. 

With  our  current 
innovations  in  satellite 
servicing,  batteries, 
structures,  mission 
analysis,  attitude  con- 
trol and  propulsion,  our 
customers  will  experi- 
ence more  services  for 
less  cost  well  into  the 
next  centurv. 
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.echnology. 


GE  Astro  Space 


We  Do  Windows 


We  do  windows. . . to  the  uni- 
verse lor  NASA,  lirsl.  we  built 
three  1 ligh  linergy  Astronomy 
( )bservatories — 1 1 EAO  2 carried 
the  first  X-ray  telescope.  Next 
came  the  C iamma  Ray  ( >bser- 
vatory.  Now  we're  ready  to 
produce  a low-risk,  science-rich 
Advanced  X-ray  Astrophysics 
l-acilily.  We  can  build  a highly 
reliable  AXA1-  to  do  the  job 
planned  bv  NASA  today  and 
grow  with  tomorrow's  science. 

Our  approach  stresses  modu- 
larity. maintainability,  mirror 


assembly,  and  management. 
Modularity  ol'design  reduces 
production  and  operating  risks 
and  serves  growing  science 
requirements.  Orbital  replace- 
ment units  for  most  AX  Al:  sub- 
systems and  components  ensure 
maintainability  Meticulous 
planning  assures  that  our  inno- 
vative high  resolution  mirror 
assembly  stays  clean  and  clear 
for  the  observatory’s  I i let i me. 

TRW  will  direct  our  team  using 
end-item  management  to  sepa- 
rately develop  the  telescope  and 


spacecraft — all  coming  together 
with  the  science  instruments  on 
schedule  and  within  budget. 

TRW/Kodak/Ball.  Reducing 
the  risk  lor  NASA's  next  scien- 
tific success  in  space. 


fiirr 

TRW  Space  & Technology 
Group 
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...for  a clearer  view 
of  the  universe. 
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